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This report is subdivided into three sections as follows:

Section I Journal Papers and Technical Reports of Research Projects directly

related to and partially supported by the research grant.

I.1. "Stress Waves Resulting from Hypervelocity Impact," AIAA paper
No. 69-355, Presented at the 1969 AIAA Hypervelocity Impact

Conference in Cincinnati, Ohio (Authored by R. Madden and T, S. Chang)

Results from a numerical scheme based on the method of characteristics

are presented for the axially symmetric, hypervelocity impact of

similar materials. The analysis is restricted to the early stages of

the impact of a right circular cylinder on a halfspace. The resulting

rarefaction and shock waves produced by the impact are considered as

discrete wavefronts which divide the impacted zone into regions.

Numerical diffusion is then controlled by requiring that the values

of the dependent variables at a given point in the impacted zone to

depend on only the calculated values at earlier times at points in

the same region as the point in question. The numerical results give
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accurate representations of the stress wave profiles (i.e., rarefaction

and shock waves) which should be useful as inputs for a later stage

elastoplastic analysis and/or spallation analysis. The effects of

"numerical diffusion" on the calculated pressure and flow fields when

the rarefaction wave is not considered as discrete is investigated and

the "diffused" results are compared with the more exact analysis.

1.2. "Nonlinear Waves in a Rate-Sensitive, Elastoplastic Material,"

International Journal of Engineering Science, Volume 10, pp. 353-367,

1972. (Authored by E. E. Burniston and T. S. Chang).

Two classes of closed form solutions of one-dimensional, nonlinear

waves in a rate-sensitive, elastoplastic material are reported.

One class of these solutions is self-similar and the other class

consists of constant speed propagations. Applications of these

solutions to unsteady motions behind propagating discontinuities are

also considered.

1.3. "Curved Characteristics Behind Blast Waves," The Physics of Fluids,

Volume 15, pp. 502-504, 1972. (Authored by 0. Laporte and T. S. Chang)

Exact solutions, expressed in closed form in terms of elementary

functions, are presented for the three sets of curved characteristics

behind a self-similar, strong blast wave.

1.4. "On Dispersion and Characteristic Motions of Temperature-Rate

Dependent Materials," National Aeronautics and Space Administration

Report CR-1795, 1971.
A general three-dimensional theory of a thermomechanical material

which can be a metallic or polymeric medium, or a structured

composite, is developed using the modern techniques of axiomatic

continuum mechanics and the laws of thermodynamics. One-dimensional

linear spatial gradient temperature-rate dependent theories are

presented for both thermoviscoelastic and thermoelastic materials.

The characteristic motions are considered and it is shown that, due

to the presence of temperature-rate effects, thermal propagation

speeds have finite values. A comprehensive study of the dispersion

relations is presented and illustrated graphically for typical values

of the material constants. Analytical expressions are obtained for

both high and low frequency responses. It is demonstrated that the

characteristic speeds coincide with the high frequency asymptotic

phase velocities in both cases. Physical and numerical limitations

on the material constants are obtained for stable wave propagations.

A class of self-similar solutions is obtained for the temperature-rate

dependent thermoelastic medium using the theory of continuous group

of transformations.

1.5. "Comments on Application of Singular Eigenfunction Expansions to the

Propagation of Periodic Disturbances in a Radiating Grey Gas," The

Physics of Fluids, Volume 16, pp. 159-160, 1973. (Authored by

T. S. Chang, K. H. Kim and M. N. Osizik)

Recently, we have been extending our analysis of sound propagation
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in dissociative, radiative media to include the effects of scattering.
It is of interest to note that the set of pertinent integrodifferential

equations can also be solved exactly using the singular eigenfunction

expansion technique.

Section II Computer Programs and Numerical Results of Hypervelocity Impact

Calculations

II.1. Method of Characteristics Calculations and the Computer Code Using
Orthogonal Polynomial Least Square Surface Fits.

Very recently, we have developed a new numerical scheme using the

method of characteristics to calculate the flow properties and pressures

behind decaying shock waves for materials under hypervelocity impact.
This procedure is quite different from our earlier methods (see

paper I.1). We are now able to replace the time-consuming double

interpolation subroutines used in paper I.1 by a technique based on

Orthogonal Polynomial Least Square Surface Fits. Typical calculated

results are given and in Tables 1-19. These results are compared with
the double-interpolation results. The complete computer program is

also included.

11.2. Method of Characteristics Calculations and the Computer Code for

Materials with Arbitrary Equations of State.
As reported in our earlier status reports, we have developed a

numerical code capable of calculating flow properties and pressures

behind decaying shock waves for materials under hypervelocity impact

with arbitrary equations of state. For comparison purposes, we have

made some sample calculations using the new code for impact conditions

similar to those reported in I.1. These results are quite encouraging
and are displayed graphically in Figures 1-3. A listing of the
numerical code is also attached.

Section III Fundamental Research on Equations of State and Non-Equilibrium
Statistical Mechanics Generated by the Research Grant.

Materials under hypervelocity impact experience extreme changes of

stresses, strains, and thermodynamic states. We have looked into
some basic research areas related to (1) the non-equilibrium statistical
mechanical aspects of heat transfer with discontinuous velocity boundary
conditions, and (2) the fundamental understanding of the equations of
statp, phase transitions, and critical phenomena of materials under
extreme thermodynamic environments. Our research efforts along these
directions are found in the following research papers:

III.l. "Elementary Solutions of Coupled Model Equations in the Kinetic
Theory of Gases," International Journal of Engineering Science,
Volume 12, pp. 441-470, 1974. (Authors: J. T. Kriese, T. S. Chang,
and C. E. Siewert.)
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The method of elementary solutions is employed to solve two coupled
integrodifferential equations sufficient for determining temperature -

density effects in a linearized BGK model in the kinetic theory of
gases. Full-range completeness and orthogonality theorems are proved

for the developed normal modes and the infinite-medium Green's function

is constructed as an illustration of the full-range formalism. The

appropriate homogeneous matrix Riemann problem is discussed, and
half-range completeness and orthogonality theorems are proved for a

certain subset of the normal modes. The required existence and

uniqueness theorems relevant to the H matrix, basic to the half-range

analysis, are proved, and an accurate and efficient computational

method is discussed. The half-space temperature-slip problem is

solved analytically, and a highly accurate value of the temperature-

slip coefficient is reported.

111.2. "Tricritical Points in Multicomponent Fluid Mixtures," Physical Review,
Volume A9, pp. 2573-2578, 1974. (Authors: A. Hankey, T. S. Chang, and

H. E. Stanley)
In view of experimental considerations, we give a model-independent
argument that the novel tricritical points in multicomponent fluid
mixtures, where three phases simultaneously become critical, are

points on the boundary of a single two-dimensional surface of critical

points. This result is corroborated by the Landau model suggested by
Griffiths. The relationship between these tricritical points and the

complex "higher-order" critical points proposed to exist in certain
magnetic systems is elucidated.

111.3. "Generalized Scaling Hypothesis in Multicomponent Systems.
I. Classification of Critical Points by Order and Scaling at Tricritical
Points," Physical Review, Volume B8, pp. 346-364. (Authored by T. S.

Chang, A. Hankey, and H. E. Stanley.)
The goal of this work is to provide an analysis of spaces of critical
points for multicomponent systems. First, we propose the geometric
concept of order 0 for critical points; we distinguish it from a
previous definition of a "multicri ical" point. Specifically, we may
define the intersection of space df critical points of order 0 to be
a space of critical points of order (0 + 1). Ordinary critical points
are defined to be of order 0 = 2, so that the tricritical points
introduced by Griffiths are of order 0 = 3. We discuss more general
examples of critical spaces of order 0 = 3 which are known for a wide
variety of systems; we also propose several examples of models of
magnetic systems showing critical points of order 0 = 4 - i.e.,
systems having intersecting lines of tricritical points. The analysis
of critical and coexistence spaces also provides a new form of the
Gibbs phase rule suitable for complex magnetic models. Next we define -
for the critical points of order 0 of which examples have been given -
special directions in terms of which to make a scaling hypothesis.

We give the hypothesis for simple systems and then for tricritical
points, and then, in a subsequent paper, part II, the special directions
are used to make a scaling hypothesis at spaces of critical points of
any order. Certain predictions (e.g., scaling laws and "single-power"
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scaling functions) follow in a simple and straightforward fashion.

We consider the scaling hypothesis at a critical space of order 0

in terms of a group of transformations. We can define a set of

invariants of the group. It is possible, for 0 > 3, to make a

second scaling hypothesis for the space of order 0 - 1 using certain

of these invariants as independent variables. This is advantageous

because certain "double-power" scaling functions then follow directly;

these predict that for 0 = 3, experimental data collapse from a

volume onto a line. This prediction is to be contrasted with

ordinary scaling function, which predict that data collapse by only

a single dimension (e.g., from a volume onto a surface or from a

surface onto a line).

111.4. "Double-Power Scaling Functions Near Tricritical Points," Physical

Review, Volume B7, pp. 4263-4266, 1973. (Authored by T. S. Chang,
A. Hankey, and H. E. Stanley.)
We introduce invariants of the scaling equation about the tricritical

point. Using these invariants, a modified version of the scaling

hypothesis about the three critical lines meeting at the tricritical

point is presented. From it we demonstrate that the thermodynamic

equation of state near a tricritical point and near a critical line

may be expressed as double-power scaling functions. These imply

that experimental data should collapse from a volume onto a line

(i.e., by two dimensions). This behavior is in contrast to ordinary

"single-power" scaling functions, which predict data collapsing from

a volume onto a surface or from a surface onto a line (i.e., by one
dimension).

In conclusion, we have obtained much information pertaining to the behavior

materials under impact, particularly hypervelocity impact. Two useful numerical

des have been developed for calculations of axisymmetric hypervelocity impact for

terials with rather general equations of state. Fundamental research in the

eas of critical equations of state and non-equilibrium statistical mechanics and

at transfer have also been considered.

With best wishes, I am

Very sincerely yours,

Sn Sun Chang
Professor

C:mlm

closures

NASA Scientific and Technical
Information Facility (3 copies)
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List of Symbols

t = time (psec)

r = radial coordinate (cm)

Z = axial coordinate (cm) \ 0

U = radial velocity (cm/usec)

V = axial velocity (cm/isec)

p = mass density (gm/cm3)

e = internal energy per unit mass (megabar cm3/gm) Z

a = sound speed (cm/usec)

P = pressure (megabars)

cos o = direction cosine of normal with respect to r axis

sin ao = direction cosine of normal with respect to Z axis0i



Table 1. Flow properties in Projectile Shock at t = 1.18 psec after

impact of a 2.5-cm-diameter projectile at 0.76 cm/isec
on an aluminum half-space based on (1) Double Interpolation
and (2) Othogonal Polynomials Least Square Surface Fit with
Double Interpolation after t = 1.1 psec.

(1) . (2)

Z r P U V Z r P U V

P e 'a cos a0 sin a p e a cos an sin a.o

-0.3532 0.0 1.0869 0.0 0.3800 -0.3532 0.0 1.0869 0.0 0.3800

4.2103 0.0722 1.0038 0.0 1.0000 4.2103 0.0722 1.0038 0.0 1.0000

-0.3532 0.2500 1.0869 0.0 0.3800 -Q.3532 0.2500 1.0869 0.0 0.3800

4.2103 0.0722 1.0038 0.0 1.0000 4.2103 0.0722 1.0038 0.0 1.0000

-0.3521 0.5012 1.0412 0.0025 0.3910 -0.3509 0.5009 0.9911 0.0017 0.4033

4.1738 -0.0681 0.9934 -0.0068 1.0000 4.1325 0.0636 0.9820 -0.0049 1.0000

-0.3312 0.7611 0.8591 0.0209 0.4372 -0.3312 . .7630 0.7851 0.0106 0.4554

4.0185 0.0521 0.9500 -0.0648 0.9976 3.9533 0.0463 0.9318 -0.0348 0.9991

-0.2120 1.0183 0.4162 0.0124 0.5679 -0.2117 1.0177 0.4090 0.0116 0.5704

3.5399 0.0183 0.8122 -0.0667 0.9968 3.5303 0.0178 0.8094 -0.0613 0.9972



Table 2. Flow properties in Target Shock at t = 1.18 Psec after impact
of a 2.5-cm-diameter projectile at 0.76 cm/psec on an aluminum
half-space based on (1) Double Interpolation and (2) Orthogonal
Polynomials Least Square Surface Fit with Double Interpolation
after t = 1.1 psec.

(1) (2)

Z r P U V Z r P U V

P e a cos a sin a P e a cos a sin a-- 0 o _o o
1.2500 0.0 1.0869 0.0 0.3800 1.2500 0.0 1.0869 0.0 0.3800

4.2103 0.0722 1.0038 0.0 1.0000 4.2103 0.0722 1.0038 0.0 1.0000

1.2500 0.2500 1.0869 0.0 0.3800 1.2500 0.2500 1.0869 0.0 0.3800

4.2103 0.0722 1.0038 0.0 1.0000 4.2103 0.0722 1.0038 0.0 1.0000

1.2500 0.5007 1.0686 0.0029 0.3756 1.2497 0.5007 1.0685 0.0029 0.3756

4.1957 0.0750 0.9997 0.0078 1.0000 4.1957 0.0705 0.9997 0.0078 1.0000

1.2398 0.7544 0.9647 0.0058 0.3501 1.2398 0.7544 0.9647 0.0058 0.3501

4.1106 0.0613 0.9758 0.0165 0.9998 L 4.1106 0.0613 0.9758 0.0165 0.9998

1.2143 1.0281 0.8382 0.0192 0.3169 i 1.2143 1.0281 0.8382 0.0192 0.3169

3.9996 0.0503 0.9446 0.0605 0.9979 3.9996 0.0503 0.9446 0.0605 0.9979

1.1235 1.3139 0.5624 0.0302 0.2368 1.1236 1.3139 0.5679 0.0304 0.2384

3190 _ 0_.0285 0.8649 0.1265 0.991.0 3.7252 0.0290 0.8666 0.1265 i 0.9910

0.7683 1.7372 0.1558 0.0540 0.0691 0.7678 1.7377 0.1546 0.0528 0.0694

3.1170. 0.0038 0.6776 0.6152 0.7870 3.1144 0.0037 0.6768 0.6050 0.7948

0.5808 1.8634 0.0670 0.0330 0.0263 1 0.5807 1.8634 0.0664 0.0327 0.0261

2.9088 .0.0008 0.6045 0.7817 0.6227 2.9071 0.0008 0.6039 0.7816 0.6227

0.3716 1.9378 0.0 0.0 0.0 0.3716 1.9377 0.0 0.0 0.0

2.7000 0.0 0.5277 0.9289 0.3690 2.7000 0.0 0.5277 0.9289 0.3690

r/



Table 3.Flow properties in Rarefaction at t = 1.18 Vsec after impact
of a 2.5-cm-diameter projectile at 0.76 cm/psec on an aluminum

half-space based on (1) Double Interpolation and (2) Orthogonal
Polynomials Least Square Surface Fit with Double Interpolation
after t =1.1 psec.

C1) (2)

Z r cos a sin a z r cos a sin a
0 0 0 0

1.2500 0.3781 0.6768 -0.7362 1.2500 0.3781 0.6768 -0.7362

1.1356 0.2852 0.5801 -0.8145 1.1355 0.2852 0.5801 -0.8145

1.0210 0.2132 0.4834 -0.8754 1.0210 0.2132 0.4834 -0.8754

0.9065 0.1577 0.3867 -0.9222 0.9065 0.1577 0.3867 -0.9222

0.7920 0.1165 0.2901 -0.9570 0.7920 0.1165 0.2901 -0.9570

0.6774 0.0879 0.1934 -0.9811 0.6774 0.0879 0.1934 -0.9811

0.5629 0.0711 0.0967 -0.9953 0.5629 0.0711 0.0967 -0.9953

0.4484 0.0656 -0.0000 -1.0000 0.4484 0.0656 -0.0000. -1.0000

0.3339 0.0711 -0.0967 -0.9953 0.3339 0.0711 -0.0967 -0.9953

0.2194 0.0879 -0.1934 -0.9811 0.2194 0.0879 -0.1934 -0.9811

0.1048 0.1165 -0.2901 -0.9570 0.1048 0.1165 -0.2901 -0.9570

-0.0097 0.1577 -0.3867 -0.9222 -0.0097 0.1577 -0.3867 -0.9222

-0.1242 0.2132 -0.4834 -0.8754 -0.1242 0.2132 -0.4834 -0.8754

-0.2387 0.2852 -0.5801 -0.8145 -0.2387 0.2852 -0.5801 -0.8145

-0.3532 0.3781 -0.6768 -0.7362 -0.3532 0.3781 -0668 -0.7362



Table 4. Flow properties in Interior Region at t = 1.18 isec after
impact of a 2.5-cm-diameter projectile at 0.76 cm/psec on
an aluminum half-space based on (1) Double Interpolation
and (2) Orthogonal Polynomial Least Square Surfact Pit
with Double Interpolation after t = 1.1 psec at Z = -0.25 cm.

Z = - 0.25 cm r P U V p e a

0.0 1.0869 0.0 0.3800 4.2103 0.0722 1.0038

0.2500 1.0869 0.0 0.3800 4.2103 0.0722 1.0038

i 0.5000 0.9289 0.0167 0.4159 4.050 0.0622 0.9654

0.7500 0.6891 0.0558 0.3987 3.8200 0.0422 0.9012

1) 0000 0,0 0.0 0.0 2.7000 0.0 0.5277

1.2500 0.0 0.0 0.0 2.7000 0.0 0.5277

1.5000 0.0 0.0 0.0 2.700 0 0.5277

1.7500 0.0 0.0 0.0 2.7000 0,0 0Q527

2.0000 0.0 0.0 0.0 2.7000 0.0 0.5277

0.0 1.0869 0.0 0.3800 4.2103 0.0722 1.0038

0.2500 1.0869 0.0 0.3800 4.2103 0.0722 1.0038

0.5000 0.6710 -0,1555 04333 3.7854 00425 0 _89_4_

0.7500 2.2439 -0.0865 0.9374 5.2602 0.1201 1.2174

1.0000 0.0 0.0 0.0 :2.7000 0.0 0.5277

1.2500 0,0 0.0 0.0 2.7000 0.0 0.5277

1.5000 0.0 0.0 0.0 2.7000 0.0 0.5277

1.7500' 0.0 0.0 0.0 2.7000 0.0 0.5277

2.0000 0.0 0.0 0.0 2.7000 0.0 0.5277



Table 5. Flow properties in Interior Region at t = 1.18
lsec after impact of a 2.5-cm-diameter projectile
at 0.76 cm/vsec on an aluminum half-space based
on (1) Double Interpolation and (2) Orthogonal
Polynomial Least Square Surface Fit with Double
Interpolation after t = 1.1 Psec at Z = 0.0 cm.

Z 0.0 cm r P U V p e a

0.0 1.0869 0.0 0.3800 4.2103 0.0722 1.0038

0.2500 0.9644 0.0130 0.3829 4.0861 0.0646 0.9743

0.5000 0.6875 0.0985 0.4466 3.7705 0.0478 0.8972

0.7500 0.4822 0.2065 0.5931 3.5022 0.0348 0.8269

(1) 1.0000 0.1931 0.2829 0.7128 3.0774 0.0132 0.6916

1.2500 0.0. 0.6160 0.3904 2.7000 0.0 0.5277

1.5000 0.0 0.1923 -0.0971 2.7000 0.0 0.5277

1.7500 0.0 0.1103 -0.1452 2.7000 0.0 0.5277

2.0000 0.0 0.0303 -0.0074 2.7000 0.0 0.5277

0.0 1.0869 0.0 0.3800 4.2103 0.0722 1.0038

0.2500 0.4956 -0.1726 0.3333 3.5563 0.0318 0.8347

0.5000 0.5533 0.0033 0.4539 3.6020 0.0395 0.8537

0.7500 0.7227 0.2308 0.6779 3.8156 0.0497 0.9081
(2)

1.0000 0.0112 0.3021 0.6287 2.6397 0.0053 0.5362

1.2500 0.0 0.3460 0.4024 2.7000 0.0 0.5277

1.5000 0.0 0.2988 -0.1707 2,7000 0.0 0.5277

1.7500 0.0 0.0076 -0.0333 2.7000 0.0 0.5277

2.000 0.0 1.0304 0.0920 2.7000 0.0 0.5277



Table 6. Flow properties in Interior Region at t = 1.18
psec after impact of a 2.5-cm-diameter projectile
at 0.76 cm/lsec on an aluminum half-space based
on (1) Double Interpolation and (2) Orthogonal
Polynomial Least Square Surface Fit with Double
Interpolation after t = 1.1 psec at Z = 0.25 cm.

Z = 0.25 cm r P U V p e

0.0 1.0869 0.0 0.3800 4.2103 0.0722 1.0038

0.2500 0.9018 0.0414 0.3889 4.0190 0.0608 0.9582

0.5000 0.6611 0.1029 0.3898 3.7383 0.0461 0.8890

-..07500 0.5468 0.1589 0.4410 3.5875 0.0393 0.8504

(1) .1.0000 0.4078 0.2552 0.5698 3.3982 0.0296 0.7973

1.2500 0.2713 0.3356 0.2505 3.1741 0.0216 0.7328

1.5000 0.1800 0.2782 -0.0038 3.0497 0.0126 0.6831

1.7500 0.1452 0.1345 -0.0307 3.0979 0.0032 0.6704

2.0000 0.0 0.0 0.0 2.7000 0.0
- "0.5277

0.0 1.0869 0.0 0.3800 4.2103 0. 7 2 1.0038

0.2500 0.9041 0.0405 0.4685 4.0212 0.0610 0.9588
0.5000 0.6238 0.1083 0.3428 3.6922 0.0436 0.8770

0.7500 0.4999 0.1591 0.4221 3.5219 0.0365 0.8332
(2)

1.0000 0.4384 0.1553 0.5946 3,4452 0.0314 0.8102

1.2500 0.3310 0.3414 0.2448 3.2767 0.0250 0.7629

1.5000 0.1820 0.2935 0.0031 3.0507 0.0130 0.6841

1.7500 0.1509 0.1379 -0.0592 3.1113 0.0033 0.6746

2.0000 0.0 0.0 0.0 2.7000 0.0 0.5277

Ii



Table 7. Flow properties in Interior Region at t = 1.18
psec after impact of a 2,5-cm-diameter projectile
at 0.76 cm/vsec on an aluminum half-space based
on (I) Double Interpolation and (2) Orthogonal
Polynomial Least Square Surface Fit with Double
Interpolation after t = 1.1 Vsec at Z = 0.50 cm.

= 0.50 cm . r P U V p e a

0.0 1.0869 0.0 0.3800 4.2103 0.0722 1.0038

0.2500 0.9285 0.0338 0.3758 4.0475 0.0625 0.9651

0.5000 0.7314 -0.0768 0.3523 3.8244 0.0504 0.9106

0.7500 0.6101 0.1090 0.3385 3.6714 0.0432 0.8723

1.0000 0.5674 0.1441 0.3850 3.6154 0.0406 0.8577

1.2500 0.3240 0.2039 0.1874 3.2650 0.0246 0.7595

1.5000 0.2336 0.1796 0.0690 3.2048 0.0115 0.7206

1.7500 0.1461 0.0865 0.0345 3.1018 0.0031 0.6713

2.0000 0.0 0.0 0.0 2.7000 0.0 0.5277

0.0 1.0869 0.0 0.3800 4.2103 0.0722 1.0038

0.2500 0.9477 0.0025 0.4235 4.0676 0.0637 0.9700

0.5000 0.7109 0.0920 0.3266 3.8004 0.0491 0.9045

07500 . 0.5934 0.0993 0.3379 3.6493 0.0422 0.8666

(2) 1.0000 0.5876 0.1442 0.3938- 3.6421 0.0418 0.8647

1.2500 0.3056 0.2154 0.1785 3..2283 0.0241 0.7501

1.5000 0.2380 0.1708 0.0771 3.2140 0.0117 0.7232

1.7500 0.1611 0.1319 0.0292 3.1346 0.0036 0.6820

2.000 0.0 0.0 0.0 2.7000 0.0 0.5277



Table 8. Flow properties in Interior Region at
t = 1.18 psec after impact of a 2.5-
cm-diameter projectile at 0.76 cm/psec
on an aluminum half-space based on (1)
Double Interpolation and (2) Orthogonal
Polynomial Least Sauare Surface Fit.with
Double Interpolation after t = 1.1 sec at Z = 0.75 cm.

Z = 0.75 cm r P U V p e a

0.0 1.0869 0.0 0.3800 ' 4.2103 0.0722 1.0038

0.2500 1.0006 0.0200 0.3730 4.1231 0.0669 0.9832

0.5000 0.8307 0.0490 0.3472 3.9397 0.0565 0.9391

(1) I 0.7500 0.7051 0.0710 0.3163 3;7917 0.0489 0.9026

1.0000 0.6166 0.0937 0.3127 3.6908 0.0423 .0.8752

1.2500 0.4242 0.1292 0.1985 3.4661 0.0263 0.8077

1.5000 0.3014 0.1187 0.1145 3.3803 0.0108 0.7624

1.7500 0.0 0.0 0.0 2.7000 0.0 0.5277

2.0000 0.0 0.0 0.0 2.7000 0.0 0.5277

0.0 1.0869 0.0 0.3800 4.2103 0.0722 1.0038

0.2500 0.9148 -0.0201 0.4072 4.0334 0.0615 0.9616

0-5000 0,8167 0.0542 0.3333 3.9244 0.0556 0.9352

(2) (2) 00 0..6996 0.0658 0.3149 3.7846 0.0486 0.9009

1. 000 0.5993 0.0982 .0.3095 3.6667 0.0414 0.8693

1.2500 0.4229 0.1272 0.1785 3.4620 0.0265 0.8070

1.5000 0.3248 0.1134 0.1264 3.4247 0.0115 0.7744

1.7500 0.0 0.0 0.0 2.7000 0.0 0.5277

1 2.0000 0.0 0.0 0.0 2.7000 0.0 0.5277



Table 9. Flow properties in Interior Region at
t = 1.18 vsec after impact of a 2 ,5-cm-
diameter projectile at 0.76 cm/psec on
an aluminum half-space based on (1)
Double Interpolation and (2) Orthogonal
Polynomial Least Square Surface Fit with
Double Interpolation after t = 1.1 psec
at Z = 1.00 cm.

Z = 1.00 cm r P U V p e a

0.0 1.0869 0.0 0.3800 4.2103 0.0722 1.0038

0.2500 1.0869 0.0 0.3800 4.2103 0.0722 1.0038

0.5000 0.9551 0.0239 0.3569 4.0754 0.0642 0.9719

0.7500 0.8458 .0.0404 0.3263 13.9_658 0.056 Q

(1)
1.0000 0.7492 0.0545 0.3053 3.8760 0.0477 0.9180

1.2500 0.5566 0.0703 0.2330 3.6866 0.0306 0.8607

1.5000 0.0 0.0 0.0 2.7000 0.0 0.5277

1.7500 0.0 0.0 0.0 2.7000 0.0 0.5277

2.0000 0.0 0.0 0.0 2.7000 0.0 0.5277

0.0 1.0869 0.0 0.3800 4.2103 0.0722 1.0038

0.2500 1.0869 0.0 0.3800 4.2103 0.0722 1.-0038

0.5000 0.9137 0.0337 0.3572 4.0315 0.0616 0.9613

0.7500 0.8233 0.0460 0.3269 3.9397 0.0549 0.9376

(2) 1.0000 0.7430 0.0646 0.3254 3.8604 0.0465 0.9137

1.2500 0.5142 0.0880 '0.2854 3.6369 0.0275 0.8463

1.5000 0.0 0.0 0.0 2.7000 0.0 0.5277

1.7500 0.0 . 0.0 0.0 2.7000 0.0 0.5277

2.0000 0.0 0.0 0.0 i 2.7000 0.0 0.5277
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Table 10. Flow properties in Interior Region

at t = 1.18 psec after impact of

a 2.5-cm-diameter projectile at 0.76

cm/psec on an aluminum half-space
based on (1) Double Interpolation and

(2) Orthogonal Polynomial Least Square

"Surface Fit with Double Interpolation

after t = 1.1 lsec at Z = 1.25 cm.

Z = 1.25 cm r . P U V p e a

0.0 1.0869 0.0 0.3800 4.2103 0.0722 1.0038

0.2500 1.0869 0.0 0.3800 , 4.2103 0.0722 1.0038

0.5000 0.0 0.0 0.0 2.7000 0.0 0.5277

0-.7500 0.0 0.0 0.0 2.7000 0.0 0.5277

(1): 1.0000 0.0 0.0 0.0 2.7000 0.0 0.5277

1.2500 0.0 '0.0 0.0 2.7000 0.0 0.5277

1.5000 0.0 0.0 0.0 2.7000 0.0 0.5277

1.7500 0.0 0.0 0.0 2.7000 0.0 0.5277

2.0000 0.0 0.0 0.0 2.7000 0.0 0.5277

0.0 1.0869 0.0 0.3800 4.2103 0.0722 1.0038

0.2500 1.0869 0.0 0.3800 4.2103 0.0722 1.0038

0.5000 0.0 0.0 0.0 2.7000 0.0 0.5277

0.7500 0.0 0.0 0.0 2,7000 0.0 0.5277

(2) 1.0000 0.0 0.0 0.0 2.7000 0.0 0.5277

1.2500 0.0 0.0 0.0 2.7000 0.0 0.5277

1.5000 0.0 0.0 0.0 2.7000 0.0 0.5277

1.7500 0.0 0.0 0.0 2.7000 0.0 0.5277

2.0000 0.0 0.0 0.0 2.7000 0.0 0.5277



Table 11. Flow properties in Projectile Shock at t = 1.25 psec after

impact of a 2.5-cm-diameter projectile 0.76 cm/psec on an
aluminum half-space based on (1) Double Interpolation and
(2) Orthogonal Polynomials Least Square Surface Fit with
Double Interpolation after t = 1.1 psec.

(1) (2)

z r P U V Z r P U V

P e a cos an sin a. p e a cos a sin a

-0.3742 0.0 1.0869 0.0 0.3800 -0.3742 0.0 1.0869 0.0 .0.3800

4.2103 0.0722 1.0038 0.0 1.0000 4.2103 0.0722 1.0038 0.0 1.0000

-0.3742 0.2500 1.0869 0.0 0.3800 -0.3742 0.2500 1.0869 0.0 0.3800

4.2103 0.0722 1.0038 0.0 1.0000 4.2103 0.0722 1.0038 0.0 1.0000

-0.3713 0.5018 1.0071 0.0029 0.3993 -0.3684 0.5014 0.9280 0.0019 0.4191

4.1460 0.0650 0.9857 -0.0079 0.9999 4.0789 0.0581 0.9670 -0.0057 1.0000

-0.3468 0.7660 0.8343 0.0217 0.4438 -0.3437 0.7655 0.7182 0.0104 0.4750

3.9954 0.0501 0.9436 -0.0685 0.9973 3.8844 0.0405 0.9123 -0.0366 0.9990

-0.2153 1.0232 0.4007 0.0144 0.5731 -0.2140 1.0213 .0.3767 0.0113 0.5816

3.5195 0.0173 0.8060 -0.0775 0.9958 3.4869 0.0157 0.7961 -0.0636 0.9970



Table 12. Flow properties in Target Shock at t = 1.25 psec after impact of
a 2 .5-cm-diameter projectile at 0.76 cm/sec or an aluminum half-
space based on (1) Double Interpolation and (2) Orthogonal Polynomials
Least Square Surface Fit with Double Interpolation after t = 1.1 lsec.

(1) (2)

Z r P U V Z r P U V
p -e a cos ao sin a p e a cos a sin a

1.3242 0.P '1.0869 0.0 0.3800 1.3242 0.0 1.0869 0.0 0.3800

4.2103 0.0722 1.0038 0.0 1.0000 4.2103 0.0722 1.0038 0.0 1.0000

1.3242 0.2500 1.0869 0.0 0.3800 1.3242 0.2500 1.0869 0.0 0.3800
4.2103 0.0722 1.0038 0.0 1.0000 4.2103 0.0722 1.0038 0.0 1.0000
1.3233 0.5015 1.0568 0.0039 0.3724 1.3232 0.5014 1.0550 0.0034 0.3723
4.1863 0.0695 0.9970 0.0105 0.9999 4.2848 0.0693 0.9966 0.0092 1.0000

1.3110 0.7558 0.9511 0.0066 0.3467 1.3109 0.7558 0.9506 0.0066 0.3465
4.0991 0.0601 0.9726 0.0190 0.9998 4.0986 0.0600 0.9725 0.0190 0.9998
1.2823 1.0325 0..8208 0.0203 0.3122 1.2823 1.0325 0.8240 0.0204 0.3130
3.9830 0.0490 0.9401 0.0650 0.9976 3.9859 0.0492 0.9409 0.0649 0.9976
1.1836 1.3220 0.5493 0.0312 0.2325 1.1840 1.3224 0.5610 0.0332 0.2359
3.7041 0.0276 0.8654 0.1328 0.9901 3.7174 0.0284 0.8645 0.1390 0.9892

0.8044 1.7655 0.1534 0.0550 0.0669 0.8039 1.7655 0.1475 0.0512 0.0664
3.1120 0.0037 0.6759 0.6341 0.7718 3.0997 0.0035 0.6717 0.6098 0.7910
0.6060 1.8958 0.0637 0.0318 0.0248 0.6060 1.8957 0.0621 0.0310 0.0242
2.9000 0.0007 0.6013 0.7876 0.6152 2.8955 0.0007 0.5997 0.7875 0.6152
0.3853 1.9721. 0.0 0.0 0.0 0.3853 1.9722 0.0 0.0 . 0.0
2.7000 0.0 0.5277 0.9354 0.3522 2.7000 0.0 0.5277 0.9354 0.3524S2----



Table 13. Flow properties in Rarefaction at t = 1.25 psec after
impact of a 2.5-cm-diameter projectile at 0.76 cm/ sec
on an aluminum half-space based on (1) Double Inter-
polation and (2) Orthogonal Polynomials Least Souare
Surface Fit with Double Interpolation after t = 1.1 lsec.

(1) (2)

Z r cos ao sin a Z r cos a sin a0 0 0 0
1.3242 0.3263 - 0.6768 _ -06. 736- 1.3242 0.3263 0.6768 -0.7362

1.2029 0.2280 0.5801 -0.8145 1.2029 0.2280 0.5801 - -0.8145

.0816 0.1517 0.4834 -0.8754 1.0816 0.1517 0.4834 -0.8754

_0.9602 0.0929 0.3867 -0.9222 0.9602 0.0929 0.3867 -0.9222
0.8389 0.0493 0.2901 -0.9570 0.8389 0.0493 0.2901 -0.9570
0.7176 0.0190 0.1934 -0.9811 0.7176 0.0190 0.1934 -0.-8T

0.5963 0.0012 0.0967 -0.9953 0.5963 0.0012 0.0967 -0.9953
0.4750 -0.0047 0.0000 -1.0000 0.4750 -0.004-

! 0.0000 -1.0000--- ~~ ~ ~~ ~~ -----------------.- 00 - . 000.3537 0.0012 -0.0967 -0.9953 0.3537 0.00129953
---- -,-37 1-0.0967 -0.9953

.Q22.4 0.0190 -0.1934 -0.9811 0.2324 0.0190 -0.1934 -0.9811

0.1111 0.0493 -0.2901 -0.9570 j 0.1111 0.0493 -0.2901 -0.9570

-0.0102 0.0929 -0.3867 -0.9222 -0.0102 0.0929 -0.3867 -U922 -

-0.1316 .0.1517 -0.4834 -0.8754 -0.1316 0.1517 -0.4834 -0.875

-0.2529 0.2280 -0.5801 -0.8145 -0,2529 0.2280 -0.5801 -0.8145
-0.3742 -3263 -66-0.5801 -0.8145

-0.3742 0.3263 -0.6768 -0.7362 11-0.3742 --.
0.3263 -0.6768 -0.7362



Table 14. Flow properties in Interior Region at t = 1.11 1sec
after impact of a 2.5-cm-diameter projectile at 0.76
cm/psec on an aluminum half-space based on (1) Double
Interpolation and (2) Orthogonal Polynomials Least
Square Surface Fit with Double Interpolation afte
t = 1.1 lsec at Z = -0.25 cm.

Z = - 0.25cm r P U V e a

0.0 1.0869 0.0 0.3800 4.2103 0.0722 10 03_8__.3
0.2500 1.0869 0.0 0.3800 4.2103 0.0722 1.0038

' 0.5000 1.0000" 0.0011 0.3947 4.1232 0.0668 0.9832

(1) 0.7500 0.9432 0.0686 0.4380 4_J.035 _._ _0,059_ i0...97115____

1.0000 0.0 0.0 0.0 1 2.70000 0.0 0.5277
1.2500 0.0 0.0 0.0 2.7000 0.0 05277

1.5000 0.0 0.0 0.0 2.7000 0.0 0.5277

1.7500 0.0 0.0 0.0 2.7000 0.0 0.5277

2.0000 0.0 0.0 0.0 2.7000 0.0 0.5277

0.0 1.0869 0.0 0.3800 4.2103 0.07'22 1.0038

K_2500 - I 0D69 0 ,3800 4.211 .____07_22 -.1.0038.--
0.5000 0.9865 -0.0923 0.4746 4.1090 .0660 0.9798

0. 7500 1.6829 0.0102 0.7228 4.7963 0.0979 1.1264

(2) 1.0000 0.0 0.0 0.0 2.7000 0.0 0.5277

1.2500 0.0 0.0 0.0 2.7000 0.0 0.5277

1.5000 0.0 0.0 0.0 2.7000 0.0 0.5277

1.7500 0.0 0.0 0.0 2.7000 0.0 0.5277

2.0000 0.0 0.0 0.0 2.7000 0.0 0.5277



Table 15. Flow properties in Interior Region at t = 1.11 isec
after impact of a 2 .5-cm-diameter projectile at 0.76
cm/lsec on an aluminum half-space based on (1) Double
Interpolation and (2) Orthogonal Polynomials Least
Square Surface Fit with Double Interpolation after
t = 1.1 lsec at Z = 0.0 cm.

Z = 0.0 cm r P U v e a

0.0 1.0869 0.0 0.38000 4.2103 0.0722 1.0038

0.2500 i10869 0.0 0.3800 4.2103 0.0722 1.0038

0.5000 0.7294 0.0887 0.4327 3.8222 0.0503 0.9100
(1)

0..7500 i 0.5505 0.1836 0.5982 3.5915 0.0396 0.8517

1.0000 . 0.1969 0.2836 0.7136 3.0808 0.0137 0.6937

1.2500 0.0 0.6041 0.3687 2,7000 0.0 0.5277

-- SOO0 0.0 0.2022 -0.1010 2.0Z7000 00 .57___
1.7500 0.0 0.1250 -0.1445 2.7000 0.0 0.5277

2.0000 0.0 0.0672 0.0310 2.7000 0.0 0.5277.

0.0 1.0869 0.0 0.3800 4.2103 0.0722 1.0038

0.2500 1.0869 0.0 0.3800 4.2103 0.0722 1.0038

0.5000. 0.6684 0.0649 0.4247 3.7487 0.0464 0.8914

0.7500 0.5433 0.2089 0.5837 3.5837 i 0.0390 0.8493

(2) 1.0000 0.1233 0.2851 0.6878 2.9268 0.0100 0.6429-

1.2500 0.0 0.5798 0.3784 - 2.7000 0.0 0.5277

1.5000 i 0.0 0.2384 -0.1266 2.7000 0.0 0.5277

1.7500 0.0 0.0790 -0.1272 2.7000 0.0 0.5277

2.0000 0.0 0.7397 0.1453 2.7000 0.0 0.5277



Table 16. Flow properties in Interior Region at t = 1.11 psec

after impact of a 2.5-cm-diameter projectile at 0.76

cm/vsec on an aluminum half space based on (1) Double

Interpolation and (2) Orthogonal Polynomials Least

Square Surface Fit with Double Interpolation after

t = 1.1 ,sec at Z = 0.25 cm.

= 0.25cm r P U v

0.0 1.0869 0.0 0.3800 4.2103 0.0722 1.0038

0.2500 0.9839 0.0272 0.3851 4.1059 I 0.0659 0.9791

S0.9037
0.5000 0.7084 0.0902 0.38571 0489-

0.7500 0.5403 0.1560 0.4163 S5_ -0,8481

(1) 1l.0000 0.4323 0.2422 0.5445 3.4320 0.0 1580

1.2500 0.2618 0.3301 0.2324 i  3.1521 0._2

3.0472 0.0120 ' 0.6809
1.5000 0.1760 1

0,0025 0.6606

2.0000 0.0 0.0 0.0 __ 2.7_00.0_ 00 .__27

0.-0 1.0869 I 0.0 0.3800 4.2103 0.0722 1.0038

025000.9982 0.0263 0.4170 4.1207 0.0668 0.9826

0.5000 0.6946 0.0922 0.3700 3.7806 0.0480 0895...

0.7503.5626 
0.0381 0.8439

1.0000 0.4507 0.2414 0.5557 3.4600 0.0325 . 0.8148

1.2500 0.2818 0.3320 0.2294 3.1805..22022 ...... 0.7380

1.5000 0.1784 0.2771 0.0039 3.0516 0.0122 0.6825

1.7500 0.1331 0.1192 -0.0361 3.0754 0.0025 0.6618

2.0000 0.0 0.0 0.0 2.7000 0.0 . 0.5277



Table 17. Flow properties in Interior Region at t = 1.11 vsec
after impact of a 2.5-cm-diameter projectile at 0.76
cm/Psec on an aluminum half space based on (1) Double
Interpolation and (2) Orthogonal Polynomials Least
Square Surface Fit with Double Interpolation after
t = 1.1 lsec at Z = 2.50 cm.

Z = 0.50 cm r P P e

0.0 1.0869 0.0 0.3800 4.2103 0.0722 1.0038

0.2500 1.0058 0.0224 0.3776 4.1284 0.0672 0.9845

0.-5000 0.7873 0.0644 0.3560 3.8904 0.0538 0.9270

0.7500 0.6405 0.1002 0.3370 3.7108 0.0450 0.8823

(1) 1.0000 0.5742 0.1362 0.3663 3.6236 0.0410 0.8600

1.2500 0.3283 0.1942 0.1842 3.2750 0.0246 0.7618

1.5000 0.2347 0.1758 0.0773 3.2145 0.0110 i0.7219

1.7500 0.1343 0.0741 0.0354 3.0770 0.0026 0.6626

2.0000 0.0 0.0 0.0 2.7000 0.0 0.5277

0.0 1.0869 0.0 0.3800 4.2103 0.0722 1.0038

0.2500 1.0122 0.0136 0.3928 4.1350 0.0676 0.9860

0.5000 0.7791 0.0687 0.3477 3.8810 0.0533 0.9246

0.7500 0.6353 0.0971 .0.3368 3.7042 0.0447 0.8806

1. 0 0 0 0  0.5763 0.1374 0.3665 3.6261 0.0412 0.8607

(2) 1.2500 j 0.3191 0.1977 0.1809 3.2574 0.0243 0.7572

1.5000 0.2371 0.1742 ' 0.0802 3.2194 0.0111 0.7233

1.7500 0.1428 0.0846 0.0336 3.0931 0.0028 0.6679

2.0000 0.0 0.0 1 0.0 2.7000 0.0 1 0.5277



Table 18. Flow properties in Interior Region at t = 1.1 psec
after impact of a 2.5-cm-diameter projectile at 0.76

cm/psec cn an aluminum half space based on (1) Double
Interpolation and (2) Orthogonal Polynomials Least
Square Surface Fit with Double Interpolation after
t = 1.1 isec at Z = 0.75 cm.

Z =0.75 cm: '  r P U V p e a

0.0 1.0869 0.0 0.3800 4.2103 0.0722 1.0038

I 0.2500 1.0575 0.0069 0.3782 4.1810 0.0704 0.9969

0.5000 0.8898 0.0374 0.3551 4.0054 0.0601 0.9550

0.7500 0.7535 0.0622 0.3208 3.8501 0.0518 0.9171

(1) 1.0000 0.6515 0.0859 0.3099 3.7372 0.0442 0.8867

1.2500 0.4555 0.1199 0.2073 3.5178 0.0276 0.8208

1.5000 0.3195 0.1068 0,1168 3.4168 0.0112 0.7720

1.7500 0.0 0.0 0.0 2.7000 0.0 0.5277

2.0000 0.0 0.0 0.0 2.7000 0.0 0.5277

0.0 1.0869 0.0 0.3800 4.2103 0.0722 1.0038

0.2500. 0.9930 -0.0229 0.3930 4.1156 0.0664 0.9814

0.5000 0.8864 0.0404 0.3514 4.1108 0.0599 0.9541

0.7500 0.7504 0.0603 0.3195 3.8462 0.0517 0.9162

(2) 1.0000 0.6505 0.0868 0.3100 3.7355 0.0442 0.8864

1.2500 0.4552 0.1210 0,2011 3.5168 0.0277 0.8263

1.5000 0.3313 0.1054 0.1197 3.4382 0.0116 0.7778

1.7500 0.0 0.0 0.0 2.7000 0.0 0.5277

2.0000 0.0 0.0 0.0 2.7000 0.0 0.5277



Table 19. Flow properties in Interior Region at t = 1.1 psec
after impact of a 2.5-cmdiameter projectile at 0.76
cm/psec on an aluminum half space based on (1) Double
Interpolation and (2) Orthogonal Polynomials Least
Square Surface Fit with Double Interpolation after
t = 1.1 psec at Z = 1.00 cm.

Z = 1. 0 cm r P U V p e a

0.0 1.0869 0.0 0.3800 4.2103 0.0722 1.0038

0.2500.. 1.0869 -- 0.. . ...- 0.3800..... . --4.2103 .... . 0.0722... 1.0038

0.5000 1.0119 0.0131 0.3673 4".1346 0.0676 0.9860

(1) 0.7500 0.8990 0.0297 0.3359 4.0258 0.0593 0.9581

1.0000 0.7910 0.0414 0.3143 3.9271 0.0499 0.9302
i..- -.---- 0.0330 0.8773

1.2500 0.6043 0.0512 0.2428 3.7526 0.0330 0.8773

1.500 0.0 0.0 0.0 _ 2.7000 0.0 0.5277..

1.7500 0.0 0.0 0.0 2.7000 0.0 0.5277

2.0000 0.0 0.0 0.0 2.7000 0.0 0.5277

0.0 1.0369 0.0 0.3800 4.2103 0.0722 1.0038

0.2500 1.0869 0. 0.380 42032 T003

0.5000 1.0110 0.0122 0.3680 4.1335 0.0676 0.9857

0.7500 0.8941 0.0332 0.3364 4.0203 0.0590 0.9568

1.0000 0.7734 0.0489 0.3178 1 3.9067 0.0488 0.9252

(2) 1.2500 0.6046 0.0551 0.2587 . 3.7552 0.0328 0.8776

1.5000 0.0 0.0 0.0 2.7000 0.0 0.5277

1.7500 0.0 0.0 0.0. 2.7000 0.0 0.5277

2.0000 0.0 0.0 T 0.0 2.7000 0. 0 0.5277



COMMON CASEID(14),ITSlITS2,ITS3,ITS4,IT11,IT129Il2 I3,IT4,EPSt1EPS 1
12,EPS3,EPS4,EPS5,EPS6,EPI11EPI2,EP13,EPI4,EPIS5EPI6,EPIT,VPARLEN 2
1GTHAPRtBPR,BIGAPR,BIGBPR,ESTARALPHAIBETARHOSTREPRSRHOS 3
COMMON XMESH(20,20,6),XMESH2(20,20,6),Z(20),RI20)tSURF(1s,8)tSURF2 4
1(15,8),TAB(15,14,2),TAB2fl5tS414,2),SPART(5,22),RARF(15,11),RARF2( 5
115,4),RPARTI 15,2) 6

C 7
C 8

COMMON ZOROPOUO,VO,LOtM0ORHOO,E0AOUBAROVBARO 9
C 10

COMMON NPNTNRNINDEL,ISUB 11
C 12

COMMON ZMIN,ZMAXRMINRMAXRADIUStGZtGR,DELTA,H 13
COMMON DIRCOS 14
COMMON TIME 15
COMMON IRARF 16
COMMON KSTOP 17
COMMON TPSI 18
COMMON KKK 19

C 20
C 21

REAL LO,MO,LENGTH,MUKO 22
DOUBLE PRECISION PHIO20,20,6)
KR=7
EPS=.0000001 24
KSTOP=0 25

1 FORMAT (IH1) 26
CALL DVCHK(KEY) 27
KICK=0O 28
IF (KEY.EQ.1) GO TO 9980 29

C 30
DO 2 K=1,6 31
00 2 J=1,20 32
DO 2 1=1,20 33
XMESH(I,JtK)=O. 34
XMESH2(I,JK)=O. 35



2 CONTINUE 36
C KRW=0 37

NUZON=O 38
C 39
C 40

WRITE (3,4) 41
C 42
C DATA INPUT SECTION 43
C 44
4 FORMAT (52H1HYPERVELOCITY IMPACT METHOD OF CHARACTERISTICS CODE/// 45

1) 46
C ID AND FX. PT. CONSTANTS 47
C 48

READ (1,8) CASEIDITS1,ITSZ,ITS3,ITS4,ITI1T12,ITII3,ITI4,NDEL 49
8 FORMAT (13A6,A2/913) 50

IRARF=ITI2 51
C 52
C FL. PT. CONSTANTS 53
C 54

READ (1,15) EPSltEPS2,EPS3,EPS4,EPS5,EPS6,EPI1,EPI2,EPI3,EPI4,EPI5 55
1,EPI6,EPI7 56
READ (1,14) NP,NT,NR 57

14 FORMAT (313) 58
READ (1915) APR,BPRBIGAPR,BIGBPRESTARALPHA,BETARHOSTREPRS,REF 59

1L 60
READ (1,15) ZMIN,ZMAX,RMINtRMAXGRGZDELTAVPLENGTH,RADIUSHSTAR 61

15 FORMAT (6E12.8) 62
READ (1,15) RST 63
IF (RST.GT.O.) GO TO 16 64
REWIND 5

C 00 1529 JTP=1,200 66
READ (5)TIME 67

C IF(ABS(RST+TIME).LT..001) GO TO 1530 68
C READ(5)BLOB
C1529 CONTINUE 70
1530 CONTINUE 71



C KRW=l 72
READ (5)(((XMESH(IJtK)t=1,20)tJ=1,20),K=1,6),(Z(I),I=1,20),(R(I) 73
1II=1,20),t((SURF(IJ),I=1,15),J=1,8),(((TAB(IJ,K)I=t1,15),J=1,14), 74
1K=1,2),((RARF(I,J),I=vS1,15),J1tl)tTIMEtZMINZMAXRMINtRMAXGRGZ, 75
1AR 76

DO 1500 J=1,20 77
00 1500 I=1,20 78
00 1500 K=1,6 79

1500 XMESH2(IJ,K)=XMESH(IJK) 80
DO 1501 I=1,15 81
00 1501 J1,8 82

1501 SURF2(I,J)=SURF(IJ) 83
WRITE (3,145) TIME 84
CALL SOUT 85
CALL PRINT(XMESH2,ZtRl) 86
KREFL=O 87

16 CONTINUE 88
WRITE (3,10) CASEID, ITS1,ITS2,ITS3,ITS4,ITI1,ITI2,IT13,ITI4,NDEL 89

10 FORMAT (1X13A6,A2//17H SHOCK ITERATIONS6X,414//20H INTERIOR ITERAT 90
110NS3X,414//7H NDEL =,14///) 91
WRITE (3,18) EPS1,EPS2,EPS3,EPS4sEPS5,EPS6,EPIlEPI2,EPI3,EPI4EPI 92
15,EP16,EPI7TZMINZMAXRMIN,RMAX,DELTAVPtLENGTHRADIUSAPRBPRBIG 93
1APRBIGBPRESTARALPHABETARHOSTREPRSREFL 94

18 FORMAT (///38H ERROR CRITERIA FOR SHOCK COMPUTATIONS//5X8HDELTA Z1 95
18X8HDELTA R18X9HOELTA RHOTX7HDELTA E9X7HDELTA P9X7HDELTA U/6E16.6/ 96
1//41H ERROR CRITERIA FOR INTERIOR COMPUTATIONS//5X8HDELTA ZI8X8HDE 97
1LTA RI8X7HDELTA P9X7HDELTA U9X7HDELTA V9X9HDELTA RHO7X7HDELTA E/7E 98
116.6///5X4HZMIN12X4HZMAX12X4HRMIN12X4HRMAX12X5HDELTA1lX2HVP14X6HLE 99
1NGTH10OX6HRADIUS/8E16.6///5X2HA'14XA1X2HB14X6HBIG A'10X6HBIG 81OX2HE 100
1*14X5HALPHA11X4HBETA12X4HRHO*/8E16.6//5X3HE'S13X4HREFL/2E16.6///) 101
IF (RST.LT.0.) GO TO 140 102

C 103
C STORE RHO* IN ALL XMESH 104
C 105

00 22 J=1,20 106
DO 22 I=1,20 107



22 XMESH(IJ,4)=RHOSTR 108
40 FORMAT (5E12.8) 109
C 110
C PROJECTILE SHOCK 111
C 112

CALL EQOSI(PRHOtPPPPVVPEE,TEE,TRHOKICK) 113
IF (KICK.EQ.2200) GO TO 9980 114
DO 230 N=1,NP 115
TAB(N,1,1)=(PRHO*PVV-RHOSTR*VP)*HSTAR/(PRHO-RHOSTR) 116
EE=N-1 117
FNP=NP 118
TAB(Nt2tl)=RMIN+EE*(RADIUS-RMIN)/FNP 119
TAB(N,3,1)=PPP 120
TAB(N,411=0.0 121
TAB4(N,5,1=PVV 122
TAB(N,61l)=PRHO 123
TAB(N,7,1)=PEE 124
TAB(N,9,1)=O.O 125
TAB(NlO,1l)=I.0 126

230 CONTINUE 127
C 128
C TARGET SHOCK 129
C 130

M=0 131
DO 240 N=1,NT 132
EE=N-I 133
FNT=NT-4 134
TAB(N,2,2)=RMIN+EE*(RADIUS-RMIN)/FNT 135
TAB(N,7,2)=TEE 136
TAB(N,6,2)=TRHO 137
TABIN,3,2)=PPP 138
IF (TAB(N,2,2).GT.RADIUS) GO TO 250 139
TAB(N,1,2)=TRHO*PVV*HSTAR/(TRHO-RHOSTR) 140
TAB(N,4,2)=O.O 141
TABfNv5,2)=PVV 142
TABIN,9,2)=0.0 143



TAB(N,10,21=1.O 144
GO TO 240 145

250 EF=M 146
TAB(N9,2)=SIN( 5236+EF*.2618) 147
TAB(N,102)=COS( .5236+EF*.2618) 148
TAB(N,4,2)=PVV*TAB(N,9,2) 149
TAB(N,5,2)=PVV*TAB(N,10,2) 150
TAB(N, 1,2)=TAB(1,1,2 )*TAB(NO,2) 151
TAB(N,2,2)=RADIUS+TAB(1,1,2)*TAB(N,9,2) 152
M=M+1 153

240 CONTINUE 154
C 155
C RAREFACTION 156
C 157

CALL EQOS2(PPPPRHO,PEE) 158
EE=NR-1 159
ADEL=(TAB(1,1,2)-TAB(1,1,1))/EE 160
RARF(1,1)=TAB(1,1,2) 161
DO 205 N=2,NR 162
RARF(N, )=RARF(N-i,1)-ADEL 163

205 CONTINUE 164
00 210 N=1,NR 165
RARF(N10)=(RARF(N1 )/HSTAR-.5*VP)/AR 166
RARF(NA9)=-SQRT(1.-RARF(Nt10)**2) 167
RARF(N,2)=RADIUS+HSTAR*AR*RARF(N,9) 168

210 CONTINUE 169
00 220 N=1,NR 170
RARF(N,3)=TAB(1,3,1) 171
RARF(N,4)=0. 172
RARF(N,5)=TAB(1,5,1) 173
RARF(N,6)=TAB( 1,6,1) 174
RARF(N,7)=TAB(1,7,1) 175

220 CONTINUE 176
C REGION INTERIOR TO SHOCKS 177

1=-ZMIN/GZ+1.2 178
J=O 179



260 J=J+1 180
XMESH(I,Jl,)=PPP 181
XMESH(I,J,3)=PVV 182
XMESH(IJ,4)=PRHO 183
XMESH(I,J,5)=PEE 184
EE=(J-1) 185
IF ((EE*GR-RADIUS).LT.-EPS) GO TO 260 186
XMESH(I,Jl)=O. 187
XMESH(I,J,4)=RHOSTR 188
XMESH(I,J,5)=o0. 189

C 190
C FREE SURFACE 191
C 192

00 50 I=1,NP 193
SURF(I,1)=-LENGTH+VP*HSTAR 194
SURF(I,2)=TAB(I 2,1) 195
SURF(I,3)=0. 196
SURF(I,4)=0. 197
SURF(I,5)=VP 198
SURF(I,6)=RHOSTR 199
SURF(I,7)=O. 200
SURF(I18)=SQRT(BIGAPR/RHOSTR) 201

50 CONTINUE 202
00 51 I=1,NP 203
00 51 J=1,8 204

51 SURF2(I,J)=SURF(I,J) 205
IF (NUZON.EQ.0) GO TO 5001 206

5000 GR=GR*2. 207
GZ=GZ*2. 208
ZMAX=ZMAX*2.-ZMIN 209
RMAX=RMAX*2. 210
NUZON=1 211
WRITE (3,5003) 212

5003 FORMAT (7H REZONE///) 213
5001 CONTINUE 214
C 215



C 216
00 55 I=1,20 217
EE=I-1 218
Z(I)=ZMIN+EE*GZ 219
R(I)=RMIN+EE*GR 220

55 CONTINUE 221
IF (NUZON.EQ.0) GO TO 5101 222
00 5100 I=1,10 223
00 5100 J=1,10 224
DO 5100 K=1,6 225
L=2*I-1 226
M=2*J-1 227
XMESH(ItJ,K)=XMESH(L,M,K) 228

5100 CONTINUE 229
GO TO 157 230

5101 CONTINUE 231
C 232
C COMPUTE A FOR 2 SHOCKS AND MESH 233
C 234

00 86 K=1,3 235
GO TO (57,59,61),K 236

57 NN=NP 237
JJ=1 238
GO TO 63 239

59 NN=NT 240
JJ=1 241
GO TO 63 242

61 NN=20 243
JJ=20 244

63 00 84 N=1,NN 245
00 82 J=1,JJ 246
GO TO (65,65,68),K 247

65 P=TAB(Nt3,K) 248
RHO=TAB(N96,K) 249
E=TAB(N,7,K) 250
GO TO 70 251



68 P=XMESH(JN,1) 252
RHO=XMESH(J,N,4) 253
E=XMESH(J,NS) 254

70 CONTINUE 255
CALL EQOS3(RHO,AAE,P) 256
GO TO (7676, 78),K 257

76 TAB(N,8,K)=AA 258
GO TO 82 259

78 XMESH(J,N,6)=AA 260
82 CONTINUE 261
84 CONTINUE 262
86 CONTINUE 263

KICK=86 264
CALL OVCHK(KQ) 265
IF (KQ.EQ.1) GO TO 9980 266

C 267
C STORE A FOR RAREFACTION 268
C 269

00 90 I=1,NR 270
90 RARF(I,8)=AR 271
C 272
C COMPLETE SHOCK TABLES 273
C 274

00 99 K=1,2 275
GO TO (92,94),K 276

92 NN=NP 277
GO TO 95 278

94 NN=NT 279
US=O. 280

95 00 97 N=1,NN 281
GO TO (93,96),K 282

93 CONTINUE 283
US=VP*TAB(NIO,1) 284

96 CONTINUE 285
TAB(Nll,K)=TAB(N,9,K)*TAB(N,4,KI+TAB(N,1O,K)*TA8(N,5,K) 286
TAB(N,12,K=TAB(N,9,K)*TAB(N,5,K)-TAB(NO1,KI*TAB(N,4,K) 287



TA8(N,13,K)=((TAB(N,6,K)*ABS(TAB(Nll,,K)))/(TAB(N,6,K)-RHOSTR)-US) 288
1*(-1.)**K 289
TAB(N,14,K)=1. 290

97 CONTINUE 291
99 CONTINUE 292
C 293
C 294
C STORE ALL XMESH IN XMESH2 295
C 296
130 00 135 K=1,6 297

00 135 J=1,20 298
00 135 I=1,20 299
XMESH2(I,J,K)=XMESH(IJ,K) 300

135 CONTINUE 301
TIME=HSTAR 302
WRITE (3,145) TIME 303
CALL SOUT 304

C CALL PRINT(XMESH2,ZR,1)
CALL PRINT(XMESH2,Z,R,1,PHINMAXMMAX)

C 306
KREFL=O 307

139 IF (KREFL.NE.O) GO TO 143 308
C ENTRY FOR TIME STEP 309
C 310
140 READ (1,142) H 311
142 FORMAT (E12.8) 312
143 CONTINUE 313

TIME=TIME+H 314
WRITE (3,145) TIME 315

145 FORMAT (1H1///6H TIME=,E15.8///) 316
WRITE (3,999) KR 317

999 FORMAT (5X,4H KR=,IS) 318
C. 319
C 320
C ADVANCE SHOCK POINTS 321
C 322



DO 159 N=1,NP 323
IF (TAB(N,14,1).LT.O.) GO TO 156 324
IF I(TAB(Nll)-SURF(N,1)).GT.EPS) GO TO 154 325

156 TAB2(Nl,1)=TAB(N,1,1) 326
TAB2(N,2,1)=TAB(N2,1) 327
TAB(N,14,1)=-1. 328
GO TO 159 329

154 TAB2(N,1,)=TAB(N,1,1)+TAB(Nv13,t)*H*TAB(N,10,1)-VP*TAB(N,9,1)*TAB 330
1(N,10,1)*H 331

150 TAB2(N,2,1)=TAB(N,2,1)+TAB(N,13,1)*H*TAB(N,9,1)-VP*TAB(N,9,1)**2*H 332
159 CONTINUE 333

DO 155 N=1,NT 334
TAB2(N,1,2)=TAB(N,1,2)+TAB(N1l3,2)*H*TAB(N,10,2) 335

155 TAB2(N,2,2)=TAB(N,2,2)+TAB(Nl3,2)*H*TAB(N,9,2) 336
DO 158 M=1,NT 337
IF (TAB2(Ml,,2).GT.ZMAX) GO TO 5000 338
IF (TAB2(M,2,2).GT.RMAX) GO TO 5000 339

158 CONTINUE 340
157 NUZON=O 341
C ADVANCE RAREFACTION 342
C 343

IF (RARF(1,2).LT.O.)IRARF=1 344
IF (IRARF.EQ.1) GO TO 516 345
ENR=NR-1 346
ADEL=(TAB2(1,192)-TAB2(1,1,1))/ENR 347
RARF2(1,1)=TAB2(1,1,2) 348
DO 510 N=2,NR 349
RARF2(N,1)=RARF2(N-1,1)-ADEL 350

510 CONTINUE 351
00 515 N=1,NR 352
RARF2(N,3)=(RARF2(N,1)/TIME-.5*VP)/AR 353
RARF2(N,4)=-SQRT(1.-RARF2(N,3)**2) 354
RARF2(N,2)=RADIUS+TIME*AR*RARF2(N,4) 355

515 CONTINUE 356
516 CONTINUE 357

CALL SHOCK 358



C 359
C 360

IF (ITS3.EQ.1) GO TO 569 361
C SHOCK COMPUTATIONS COMPLETED 362
C COMPUTE PARTICLE CURVES 363
C 364

TMP=.5VP*H 365
00 520 N=1,NP 366
SPART(N,1,1)=TAB(Nl,1)+TAB(N,5,1)*H 367

520 SPART(Nt2,1)=TAB(N,2,1)+TAB(N,4,l)*H 368
DO 525 N=1,NT 369
SPARTIN,1,2)=TAB(N,1,2)+TAB(N,5,2)*H 370

525 SPART(Nt22)=TAB(N2,2)+TAB(N,4,2)*H 371
IF (IRARFoEQ.1) GO TO 531 372
DO 530 N=1,NR 373
RPART(Nl)=RARF(N,1)+TMP 374

530 RPART(N,2)=RARF(N,2) 375
531 CONTINUE 376
C 377
C 378
568 CALL SOUT2 379
569 CONTINUE 380
C ADVANCE PROJECTILE REAR SURFACE 381

00 5300 I=1SNP 382
00 5300 J=1,8 383

5300 SURF2(IJ)=SURF(IJ) 384
KICK=568 385
CALL DVCHK(KQ) 386
IF (KQ.EQ.I) GO TO 9980 387

C 388
C START INTERIOR REGION COMPUTATIONS 389
C 390
C CALL INTER

CALL INTER(PHINMAXMMAX)
C 392
C INTERIOR REGION COMPUTATIONS COMPLETED 393



C 394

C CALL PRINT(XMESH2,Z,Rt2)
CALL PRINT(XMESH2,Z,R,2,PHItNMAXMMAX)

570 CONTINUE 396

C 397

C INITIALIZE FOR NEXT TIME STEP 398

C 399

00 920 K=1l6 400
00 920 J=1.20 401

DO 920 1=1,20 402

XMESH(IJK)=XMESH2(I,JK) 403

920 CONTINUE 404

00 930 J=1,13 405

DO 930 I=1,NP 406
TAB(ltJl,)=TAB2(IJ,1) 407

930 CONTINUE 408

00 940 J=1,13 409

DO 940 I=1,NT 410

TAB(I,J,2)=TAB2(ItJ,2) 411

940 CONTINUE 412

IF (IRARF.EQ.1) GO TO 951 413

00 950 I=1,NR 414

RARF(I,1)=RARF2(I,1) 415

RARF(I,2)=RARF2(1,2) 416

950 CONTINUE 417

951 CONTINUE 418
00 960 I=1,NP 419

DO 959 J=1,5 420

SURF(I,J)=SURF2(9J) 421

959 CONTINUE 422

960 CONTINUE 423

777 IF (KREFL.EQ.0) GO TO 980 442

KREFL=O 443

H=H1 444

GO TO 143 445

980 CONTINUE 446



CALL DVCHK(KICK) 447
IF (KICK.EQ.2) GO TO 140 448
WRITE (3,970) 449

970 FORMAT (28HODIVIDE CHECK AT END OF CASE/1Hi) 450
CALL EXIT 451

C 452
C DIVIDE CHECK 453
C 454
9980 WRITE (3,9985) KICK 455
9985 FORMAT (32HODIVIDE CHECK NEAR STATEMENT NOo1I5/1Hl) 456

RETURN 457
DEBUG SUBCHK
END 458
SUBROUTINE DBLTRP(ZXtRXtANS) 1

C 2
C 1ST ORDER DOUBLE INTERPOLATION THAT CONSIDERS 3
C LINES OF DISCONTINUITY IF IN CONSIDERED REGION 4
C 5

COMMON CASEID(14),ITS1,ITS2,ITS39ITS4,TItITI2,ITI3,ITI4,EPS1,EPS 6
12,EPS3,EPS4,EPS5,EPS6EPEPILEPI2,9PI3,EPI4,EPI5,EPI6,EPITVPARLEN 7
IGTHAPRBPRBIGAPRBIGBPRESTARALPHAtBETARHOSTREPRSRHOS 8
COMMON XMESH(20,20,6),XMESH2(2020,6)Z(20) ,R(20),SURF(15,8),SURF2 9
1(15,8),TAB(15,14,2),TAB2(15,14t2),SPART(15,2,2),RARF(15,11)tRARF2( 10
115,4),RPART(15,2) 11

C 12
C 13

COMMON ZO0ROPOUOV0OLOMOtRHOOEOAOtUBAROVBARO 14
C 15

COMMON NPNTtNRNINDELISUB 16
C 17

COMMON ZMINtZMAXRMINRMAXRADIUSGZGRtDELTAH 18
COMMON DIRCOS 19
COMMON TIME 20
COMMON IRARF 21
COMMON KSTOP 22
COMMON TPSI 23



COMMON KKK 24
REAL LO0MOLENGTHMUKO 25

C 26
DIMENSION ANS(6)tANS1(2,8)tANS2(2,8),ZI(4),RI(4),IK(4) 27
CALL DVCHK(KEY) 28
IF (KEY.EQ.2) GO TO 4 29
NO=O 30
GO TO 940 31

C 32
C FIND SUBSCRIPTS FOR GRID 33
C 34
4 Il=(ZX-ZMINI/GZ+1.000001 35

12=11+1 36
J1=(RX-RMIN)/GR+1.000001 37
J2=J1+l 38
NN=NP 39
IF (ITS3.EQ.1) GO TO 3 40
DO 1 K=1,2 41
IF (K.EQ.2)NN=NT 42
DO 1 I=1,NN 43
ALF=SQRT((TAB(I,1,K)-ZX)**2+(TAB(l,2,K)-RX)**2) 44
IF (ALF.GT.EPS1) GO TO 1 45
ANS(I)=TAB(I,3,K) 46
ANS(2)=TAB(I 4,K) 47
ANS(31=TAB(I,5,K) 48
ANS(4)=TAB(I,6,K) 49
ANS(5)=TAB(I,7,K) 50
ANS(6)=TAB(I,8,K) 51
RETURN 52

1 CONTINUE 53
IF (IRARF.EQ.1) GO TO 3 54
DO 2 I=1sNR 55
ALF=SQRT((RARF(I,1)-ZX)**2+(RARF(I,2)-RX)**2) 56
IF (ALF.GT.EPII) GO TO 2 57
ANS(I)=RARF(It3) 58
ANS(2)=RARF(14) 59



ANS(3)=RARF(I 15) 60
ANS(4)=RARF(I16) 61
ANS(5)=RARF(t17) 62
ANS(6)=RARF(I,8) 63
RETURN 64

2' CONTINUE 65
3 CONTINUE 66
C 67
C 68

ZXX=ZX+.01 69
RXX=RX+.01 70

C 71
C I LOOP FOR UPPER AND LOWER Z GRID LINES 72
C 73

00 800 I=1,2 74
IF (ITS3.EQ.1) GO TO 14 75
IF (I.EQ.2) GO TO 8 76
II=I1 77
GO TO 12 78

8 11=12 79
12 M=COMP(ZX,RXZ(II),R(J)) 80

IF (M.EQ.11 GO TO 13 81
MCOM=1 82
GO TO 20 83

13 M=COMP(ZXRXZ(ll),R(J2)) 84
IF (M.EQ.1) GO TO 14 85
MCOM=2 86
GO TO 20 87

C 88
C GET 6 VALUES ON GRID LINES 89
C 90
14 00 15 K=1t6 91

ANS1(I,K+21=XMESH( IIJ1,K)+(XMESH(IIJ2,K)-XMESH(II,J1,K))*(RX-R(J 92
11 i/(R(J2)-R(J1)) 93

15 CONTINUE 94
CALL DVCHK(NO) 95



IF (NO.EQ.2) GO TO 17 96
NO=15 97
GO TO 940 98

17 ANS1(I,1)=ZllI) 99
ANS(1I,2)=RX 100
GO TO 800 101

C 102
C 103
20 ZZ=Z(11) 104

RR=RX 105
M=COMP(ZXRX,ZZRR) 106
IF (M.EQ.1) GO TO 300 107

C 108
C 109

DO 25 K=1,2 110
KATCH=0 111
GO TO (21,22),K 112

21 NN=NP 113
GO TO 23 114

22 NN=NT 115
23 JJJ=NN-1 116

DO 24 M=1,JJJ 117
IF (M.EQ.JJJ) GO TO 210 118
IF (RX.GT.TAB(M+1,2,K).OR.RX.LT.TAB(M,2,K)) GO TO 24 119

210 ZI(K)=TAB(M+1,1,K)+(TAB(Ml,,K)-TAB(M+I,1,K))*(RX-TAB(M+1,2,K))/(TA 120
IB(MH,2K)-TA8(M+1,2,K)) 121
N0=210 122
CALL DVCHK(KQ) 123
IF (KQ.EQ.1) GO TO 940 124
IF (I.EQ.2) GO TO 211 125
IF (KATCH.EQ.1) GO TO 212 126
KATCH=1 127
GO TO 213 128

212 IF ((ZX-ZI(K)).GT.(ZX-ZM)) GO TO 24 129
IF (ZI(K).GT.ZX) GO TO 24 130

213 ZM=ZItK) 131



IF (K.EQ.2) GO TO 215 132
NPS=M 133
GO TO 24 134

215 NTS=M 135
GO TO 24 136

211 CONTINUE 137
IF (KATCH.EQ.1) GO TO 26 138
KATCH=1 139
GO TO 213 140

26 IF ((ZI(K)-ZX).GT.(ZM-ZX)) GO TO 24 141
IF (ZI(K).LT.ZX) GO TO 24 142
GO TO 213 143

24 CONTINUE 144
ZI(K)=ZM 145
IF (KATCH.NE.0) GO TO 25 146
ZI(K)=ZMAX+1. 147

25 CONTINUE 148
IF (IRARF.EQ.11ZI(3)=ZMAX+. 149
IF (IRARF.EQ.1) GO TO 2504 150
KATCH=0O 151
JJJ=NR-1 152
00 27 M=1,JJJ 153
ZI(3)=RARF(M+11)+(RARF(M1)-RARF(M+1,1))*(RX-RARF(M+1,2))/(RARF(M 154

1,2)-RARF(M+1,2)) 155
NO=25 156
CALL DVCHK(KQ) 157
IF (KQ.EQ.1) GO TO 940 158
IF (ABS(ZI(3)-ZX).GT.1.E-5) GO TO 279 159
00 2799 LN=1l6 160
LNN=LN+2 161
ANS(LN)=RARF(1,LNN) 162

2799 CONTINUE 163
GO TO 820 164

279 CONTINUE 165
IF (I.EQ.2) GO TO 28 166
IF (ZI(3).GT.ZX) GO TO 27 167

Ljij1



IF (KATCH.EQ.1) GO TO 280 168
KATCH=l 169
GO TO 281 170

280 IF ((ZX-ZI(3)).GT.(ZX-ZMI) GO TO 27 171
281 ZM=ZI(3) 172

MR=M 173
GO TO 27 174

28 IF (ZI(3).LT.ZX) GO TO 27 175
IF (KATCH.EQ.1) GO TO 282 176
KATCH=1 177
GO TO 281 178

282 IF ((ZI(3)-ZX).GT.(ZM-ZX)) GO TO 27 179
GO TO 281 180

27 CONTINUE 181
ZI(3)=ZM 182

2504 CONTINUE 183
KATCH=O 184
K=4 185
JJJ=NP-1 186
00 2700 M=1,JJJ 187
IF (M.EQ.JJJ) GO TO 2710 188
IF (RX.GT.SURF(M+1,2).OR.RX.LT.SURF(M,2)) GO TO 2700 189

2710 ZI ( 4=SURF(M+1,1)+(SURF(M, 1)-SURF(M+1, 1) ) *(RX-SURF(M+1,2 )/(SURF(M 190
1,2)-SURF(M+1,2)) 191
IF (KQ.EQ.1) GO TO 940 192
CALL DVCHK(KQ) 193
NO=2710 194
IF (I.EQ.2) GO TO 2711 195
IF (KATCH.EQ.1) GO TO 2712 196
KATCH=1 197
GO TO 2713 198

2712 IF ((ZX-ZI(K)).GT.(ZX-ZM)) GO TO 2700 199
2713 ZM=ZI(4) 200

MS=M 201
GO TO 2700 202

2711 CONTINUE 203



IF (KATCH.EQ.1) GO TO 2726 204
KATCH=1 205
GO TO 2713 206

2726 IF ((ZI(K)-ZX).GT.(ZM-ZX)) GO TO 2700 207
GO TO 2713 208

2700 CONTINUE 209
ZI (4)=ZM 210
IF (KATCH.NE.O) GO TO 2701 211
ZI(4)=ZMAX+I. 212

2701 CONTINUE 213
RI(1)=RX 214
RI(2)=RX 215
RI(3)=RX 216
RI(4)=RX 217

C FIND INTERSECTION TO USE 218
C 219
30 KEY=0O 220

IF (I.EQ.2) GO TO 50 221
C 222
C UPPER GRID LINE 223

C 224
00 40 KK=1,4 225
IF (Z(II).GT.ZI(KK)) GO TO 40 226
IF (ABS(ZI(KK)-ZX).LT.1.E-5) GO TO 35 227
IF (ZI(KK).GT.ZX) GO TO 40 228
IF (KEY.EQ.0) GO TO 35 229
IF (ZI(KK).LE.ZI(KEEP)) GO TO 40 230
KEEP=KK 231
GO TO 40 232

35 KEEP=KK 233
KEY= 1 234

40 CONTINUE 235
GO TO 65 236

C 237
C LOWER GRID LINE 238
C 239



50 00 60 KK=1,4 240
IF (Z(II).LT.ZI(KK)) GO TO 60 241
IF (ABS(ZI(KK)-ZX).LT.1.E-5) GO TO 55 242
IF (ZI(KK).LT.ZX) GO TO 60 243
IF (KEY.EQ.01 GO TO 55 244
IF (ZI(KKI.GE.ZI(KEEPI) GO TO 60 245
KEEP=KK 246
GO TO 60 247

55 KEEP=KK 248
KEY=1 249

60 CONTINUE 250
C 251
65 IF (KEY.NE.O) GO TO 70 252

WRITE (6,67) ZX,RX,I,(ZI(KEY),KEY=1,4),(RI(KEY),KEY=1,41 253
67 FORMAT (34HOERROR NEAR STATEMENT 65 IN DBLTRP/1X3HZX=,E15.8,4X3HRX 254

1=,E15.8,4X2HI=,I3/1X3HZI=,4E20.8/1X3HRI=,4E20.8/1H1) 255
XYZ=-2. 256
ZYX=SQRT(XYZI 257
CALL EXIT 258

C 259
C FIND 6 VALUES ON SELECTED DISCONTINUITY 260
C 261
70 IF (KEEP.EQ.3) GO TO 80 262

IF (KEEP.EQ.4) GO TO 81 263
IF (KEEP.EQ.2) GO TO 71 264
N=NPS 265
GO TO 72 266

71 N=NTS 267
72 CONTINUE 268

ZY=ZI(KEEP) 269
RY=RX 270
00 75 K=3,8 271
ANS1(IK)=TAB(N,K,KEEP)+(TAB(N+1,KtKEEP)-TAB(N,K,KEEPI)*SQRT(i(RY- 272
1TAB(N,2,KEEP))**2+(ZY-TAB(N,1,KEEP))**2)/((TAB(N+1,2,KEEP)-TAB(N,2 273
1,KEEP))**2+(TAB(N+1,1,KEEP)-TAB(N,1,KEEPI)**21) 274
NO=75 275

/7



CALL DVCHK(KQ) 276
IF (KQ.EQ.1) GO TO 940 277

75 CONTINUE 278
GO TO 90 279

80 N=MR 280
ZY=ZI(3) 281
RY=RX 282
DO 85 K=3,8 283
ANS1(ItK)=RARF(N,K)+(RARF(N+1K)-RARF(NK))*SQRT(((RY-RARF(N,21)** 284
12+(ZY-RARF(N,1))**2)/((RARF(N+1,2)-RARF(N,2))**2+(RARF(N+1,1)-RARF 285
1(N,1))**2) 286
NO=85 287
CALL DVCHK(KQ) 288
IF (KQ.EQ.1) GO TO 940 289

85 CONTINUE 290
GO TO 90 291

81 N=MS 292
ZY=ZI(4) 293
RY=RX 294
00 86 K=398 295
ANSI(IK)=SURF(NK)+(SURF(N+1,K)-SURF(N,K))*SQRT(((RY-SURF(N,2))** 296
12+(ZY-SURF(N,1))**2)/((SURF(N+1,2)-SURF(N,2))**2+(SURF(N+1,1)-SURF 297
1IN,1))**2)) 298

86 CONTINUE 299
90 CALL DVCHK(NO) 300

IF (NO.EQ.2) GO TO 92 301
NO=90 302
GO TO 940 303

92 ANSIItl)=ZY 304
ANS1(I,2)=RY 305
GO TO 800 306

C 307
C FIND INTERSECTIONS OF 3 DISCONTINUITIES AND Z GRID LINE 308
C 309
300 CONTINUE 310

KATCHP=O 311



KATCHR=O 312
KATCHT=O 313
KATCHS=O 314
00 310 K=1,2 315
KATCH=0O 316
GO TO (303,301),K 317

303 NN=NP 318
GO TO 302 319

301 NN=NT 320
302 JJJ=NN-1 321

DO 309 M=1,JJJ 322
IF ((TAB(M,1,K)-TAB(M+1,1,K)).GT.1.E-6) GO TO 3030 323
GO TO 309 324

3030 RI(K)=TAB(M+1,2,K)+(TAB(M,2,K)-TAB(M+1,2,K))*(Z(II)-TAB(M+1,1,K))/ 325
1(TAB(Ml,,K)-TAB(M+1,1,K)) 326
CALL DVCHKINO) 327
IF (NO.EQ.2) GO TO 3031 328
NO=3030 329
GO TO 940 330

3031 CONTINUE 331
IF (M.EQ.JJJ) GO TO 3022 332
IF (RI(K).GT.TAB(M+1,2,K).OR.RI(K).LT.TAB(M,2,K)) GO TO 309 333

3022 IF (MCOM.EQ.2) GO TO 305 334
IF (KATCH.EQ.1) GO TO 304 335
KATCH=1 336
GO TO 3050 337

304 IF ((RX-RI(K)).GT.(RX-RM)) GO TO 309 338
3050 RM=RI(K) 339

IF (K.EQ.2) GO TO 3040 340
MPS=M 341
KATCHP=1 342
GO TO 309 343

3040 MTS=M 344
KATCHT=1 345
GO TO 309 346

305 CONTINUE 347



IF (KATCH.EQ.1) GO TO 306 348
KATCH=1 349
GO TO 3050 350

306 IF ((RI(K)-RX).GT.(RM-RX)) GO TO 309 351
GO TO 3050 352

309 CONTINUE 353
RI(K)=RM 354
IF (KATCH.NE.O) GO TO 310 355
RI(K =RMAX+1. 356

310 CONTINUE 357
K=3 358
IF (IRARF.EQ.1)RI(3)=RMAX+1. 359
IF (IRARF.EQ.1) GO TO 315 360
JJJ=NR-1 361
KATCH=0O 362
DO 312 M=1,JJJ 363
RI(3)=RARF(M+1,2)+(RARF(M,2)-RARF(M+1,2))*(Z(II)-RARF(M+1,2))/(RAR 364

1F(M,1)-RARF(M+1,1)) 365
NO=3122 366
CALL DVCHK(KQ) 367
IF (KQ.EQ.1) GO TO 940 368
IF-(M.EQ.JJJ.OR.M.EQ.1) GO TO 3122 369
IF (RI(KI.GT.RARF(M+1,2).OR.RI(K).LT.RARF(M,2)) GO TO 312 370

3122 IF (MCOM.EQ.2) GO TO 316 371
IF (KATCH.EQ.1) GO TO 317 372
KATCH=1 373
GO TO 3051 374

317 IF ((RX-RI(K)).GT.(RX-RM)) GO TO 312 375
3051 RM=RI(K) 376

MR=M 377
KATCHR=1 378
GO TO 312 379

316 CONTINUE 380
IF (KATCH.EQ.1) GO TO 318 381
KATCH=1 382
GO TO 3051 383



318 IF ((RI(K)-RX).GT.(RM-RX)I GO TO 312 384
GO TO 3051 385

312 CONTINUE 386
RI(K)=RM 387
IF (KATCH.NE.O) GO TO 315 388
RI(K)=RMAX+1. 389

315 CONTINUE 390
KATCH=0O 391
JJJ=NP-1 392
00 3150 M=1lJJJ 393
IF ((SURF(M,1)-SURF(M+1,t)).GT.1.E-6) GO TO 3130 394
GO TO 3150 395

3130 RI(4)=SURF(M+1,2)+(SURF(M,2)-SURFM+1,2))*(Z(II)-SURF(M+1l1))/(SUR 396
1F(Mt1)-SURF(M+1,1)) 397
NO=3130 398
CALL DVCHK(KQ) 399
IF (KQ.EQ.1I) GO TO 940 400
IF (N.EQ.JJJ) GO TO 3123 401
IF (RI(4).GT.SURF(M+1,2).OR.RI(4).LT.SURF(M,2)) GO TO 3150 402

3123 IF (MCOM.EQ.2) GO TO 3105 403
IF (KATCH.EQ.1) GO TO 3104 404
KATCH=1 405
GO TO 3109 406

3104 IF ((RX-RI(4)).GT.(RX-RM)) GO TO 3150 407
3109 RM=RI14) 408

MS=M 409
KATCHS=1 410
GO TO 3150 411

3105 IF (KATCH.EQ.1) GO TO 3106 412
KATCH= 1 413
GO TO 3109 414

3106 IF ((RI(4)-RX).GT.(RM-RX)) GO TO 3150 415
GO TO 3109 416

3150 CONTINUE 417
RI(4)=RM 418
IF (KATCH.NE.0) GO TO 3107 419



RI(4)=RMAX+1. 420

3107 CONTINUE 421

IF (KATCHP+KATCHT+KATCHR+KATCHS.EQ.0) GO TO 485 422

ZI(1)=Z(II) 423

ZI(2)=Z(II) 424

ZI(3)=Z(II) 425
ZI(4)=Z(II) 426

C J LOOP FOR LEFT AND RIGHT R GRID LINES 427

C 428

00 700 J=1,2 429

IF (J.EQ.2) GO TO 350 430

C 431

C LEFT R GRID LINE 432

C 433

JJ=J1 434

KEY=O 435

DO 340 N=1,4 436

IF (R(J1).GT.RI(N)) GO TO 340 437

IF (RI(N).GT.RX) GO TO 340 438

IF (KEY.EQ.1) GO TO 330 439

KEY= 1  
440

KEEP=N 441

GO TO 340 442

C 443

C FIND CLOSEST 444

C 445

330 DIFI=RX-RI(KEEP) 446

DIF2=RX-RI(N) 447
IF (DIF1.LE.DIF2) GO TO 340 448

KEEP=N 449

340 CONTINUE 450

GO TO 375 451

C 452

C RIGHT R GRID LINE 453

C 454

350 JJfJ2 455



KEY=O 456
00 360 N=1,4 457
IF (R(J2).LT.RI(N)) GO TO 360 458
IF (RI(N).LT.RX) GO TO 360 459
IF (KEY.EQ.1) GO TO 355 460
KEY=1 461
KEEP=N 462
GO TO 360 463

355 DIFI=RI(KEEP)-RX 464
DIF2=RI(N)-RX 465
IF (DIF1.LE.DI0F2) GO TO 360 466
KEEP=N 467

360 CONTINUE 468
375 IF (KEY.EQ.1) GO TO 400 469
C 470
C NO POINTS BETWEEN RX AND GRID POINTS 471
C 472

ANS2(J1)=Z(I)I 473
ANS2(J,2)=R(JJ) 474
ANS2(J,3)=XMESH(IIJJ1) 475
ANS2(J,4)=XMESH(II,JJ,2) 476
ANS2(J,5)=XMESH(IIJJ,3) 477
ANS2(J,6)=XMESH(IIJJ,4) 478
ANS2(Jt7)=XMESH(IIJJ,5) 479
ANS2(J,8)=XMESH(IIJJ,6) 480
GO TO 700 481

C 482
C POINT FOUND BETWEEN RX AND GRID POINTS 483
C 484
400 GO TO (4059410,470,481),KEEP 485
C 486
C INTERSECTION ON PROJECTILE SHOCK 487
C 488
405 N1=MPS 489

RY=RI(KEEP) 490
ZY=ZII) 491



GO TO 520 492
C 493
C INTERSECTION ON TARGET SHOCK 494
C 495
410 N1=MTS 496

RY=RI(KEEP) 497
ZY=Z(II) 498
GO TO 520 499

C 500
C INTERSECTION ON RAREFACTION 501
C 502
470 NI=MR 503

RY=RI(KEEP) 504
ZY=Z(II) 505
GO TO 520 506

C 507
C INTERSECTION ON FREE SURFACE 508
C 509
481 N1=MS 510

RY=RI(KEEP) 511
ZY=Z(II) 512
GO TO 520 513

C 514
C 515
485 WRITE (3,488) KEEP,IIJJZXRX 516488 FORMAT (25HOERROR NEAR STATEMENT 485/1X5HKEEP=14,4X3HII=,I644X3HJ 517

1J=,14/1X3HZX=,E15.8,4X3HRX=,E15.8/1H1) 518
CALL EXIT 519

C 520
C FIND TABLE VALUES 521
C 522
520 IF (KEEP.EQ.3) GO TO 580 523

IF (KEEP.EQ.4) GO TO 591 524
DO 550 N=3,8 525
ANS2(JN)=TAB(N1,NtKEEP)+(TAB(N1+1NKEEP)-TAB(N1,NKEEP))*SQRT((( 526
1RY-TAB(N1,2,KEEP))**2+(ZY-TAB(NI,1,KEEP))**2)/((TAB(N1+1,2,KEEP)-T 527

14a



1AB(N1,2,KEEP))**2+(TAB(N)+ 2KEEP)-TAB(N11KEEP))**2 528
550 CONTINUE 529

IF (ZX.LT.0..ANDO.ABS(RX-RADIUS).LT.1.E-6) GO TO 552 530
IF (RX.LT.RADIUS.OR.ABS(Z(II)).GT.1.E-6) GO TO 551 531

552 CONTINUE 532
ANS2(J,3)=O. 533
ANS2(J,6)=RHOSTR 534
ANS2(J,7)=O. 535
ANS2(J,8)=SQRT(BIGAPR/RHOSTR) 536

551 CONTINUE 537
GO TO 600 538

580 00 590 N=3,8 539
ANS2(J,N)=RARF(N,N)+(RARF(N1+1,N)-RARF(N1,N|)*SQRT(((RY-RARF(NI,2 540
1))**2+(ZY-RARF(N1,1))**2)/((RARF(NI+1,2)-RARF(N1,2))**2+(RARF(N1+1 541
1,11)-RARF(N1,1))**2)) 542

590 CONTINUE 543
GO TO 600 544

591 00 592 N=3,8 545
ANS2(JN)=SURF(NlN)+(SURF(N1+1,N)-SURF(N1,N))*SQRT( (RY-SURF(N1,2 546
1I)**2+(ZY-SURF(Nl1,1)**2)/((SURF(N+1,2)-SURF(N1,2))**2+(SURF(N1+1 547
1,1)-SURF(N,11))**2)) 548

592 CONTINUE 549
600 CALL DVCHK(NO) 550

IF (NO.EQ.2) GO TO 605 551
NO=600 552
GO TO 940 553

605 ANS2(Jvl)=ZY 554
ANS2(J,2)=RY 555

C 556
C END OF LOOP FOR BOTH R GRID LINES 557
C 558
700 CONTINUE 559
C 560
C INTERPOLATE FOR UPPER AND LOWER VALUES 561
C 562

00DO 720 J=398 563



ANSI(I,J)=ANS2(1,J)+(ANS2(2,J)-ANS2(1,J))*(RX-ANS2(1,2))/(ANS2(2,2 564
I)-ANS2(1,2)) 565

720 CONTINUE 566
CALL DVCHK(NO) 567
IF (NO.EQ.2) GO TO 730 568
NO=720 569
GO TO 940 570

730 ANSI(I,1)=Z(II) 571
ANSI(It2)=RX 572

C 573
C END OF LOOP FOR BOTH Z GRID LINES 574
C 575
800 CONTINUE 576
C 577
C FIND FINAL VALUES 578
C 579

DO 810 J=1,6 580
ANS(J)=ANSI(1,J+2)+(ANS1(2,J+2)-ANSI(1,J+2))*(ZX-ANS141(1)/(ANS1( 581
12,1)-ANSI(1,1)) 582

810 CONTINUE 583
CALL DVCHK(NO) 584
IF (NO.EQ.2) GO TO 820 585
NO=810 586
GO TO 940 587

820 RETURN 588
C 589
940 WRITE (3,942) 590
942 FORMAT (35HODIVIDE CHECK ERROR IN SUBR. DBLTRP) 591
950 WRITE (3,952) NOZX,RXll1Jl1KEEPtZIRI 592
952 FORMAT (19H NEAR STATEMENT NO.I4/1X3HZX=tE15.8,4X3HRX=E15.8/lX3H 593

111=,I4,4X3HJ1=914,4X5HKEEP=I4/IX3HZI=,4E18.8/1X3HRI=,4E18o8) 594
WRITE (3,955) ((ANS1(IJ),J=1,8),I=1,2),((ANS2(I,J),J=1,8),I=1,2) 595

955 FORMAT (1X5HANS1=/8E16.8/8E16.8/1X5HANS2=/8E16.8/8E16.8/IHI) 596
XYZ=-2* 597
ZYX=SQRT(XYZ) 598
CALL EXIT 599



RETURN 600

DEBUG SUBCHK
END 601

SUBROUTINE SHOCK 1

C COMPUTES SHOCK VALUES 2
COMMON CASEID(14),ITS1,ITS2,ITS3,ITS4,ITI1lTI2,ITI3,ITI4,EPS1,EPS 3

12,EPS3,EPS4,EPS5,EPS6,EPIIEPI2,EPI3,EP1EPEP6EPPITVPARLEN 
4

IGTHAPR,BPRsBIGAPR,8IGBPRESTARtALPHABETARHOSTREPRStRHOS 5

COMMON XMESH(2020,6),XMESH2(20200,6),Z(20),R(20),SURF(15,8),SURF2 6

1(15,8),TAB(15,14,2),TAB2(15t,4,2)tSPARTt15,22),RARF(15,11),RARF2( 7

115,4),RPART(15,2) 8
C 9

COMMON ZO,ROtPOUOVOLOMORHOOtEOAOtUBAROVBARO 10

C 11

COMMON NPNTNRNINDELISUB 12

C 13

COMMON ZMIN,ZMAXRMINRMAXRADIUSGZGRDELTAtH 14

COMMON DIRCOS 15
COMMON TIME 16
COMMON IRARF 17
COMMON KSTOP 18

COMMON TPSI 19
COMMON KKK 20

C 21

REAL LO0MOLENGTHMUKO 22

C 23

DIMENSION ANS{6) 24

EXTERNAL FGOF1 25

EPS=.0000001 26

C 27

C BEGIN SHOCK POINT COMPUTATIONS 28
DO 505 K=1,2 29

GO TO (158,160),K 30

158 NN=NP 31

GO TO 162 32

160 NN=NT 33



VBARS=0. 34
162 00 500 I=1,NN 35

MPROJ=O 36
IF (TAB(I,14,K).LT.O.) GO TO 500 37

164 CONTINUE 38
C 39
C INITIALIZE TO ITERATE ON 1 SHOCK POINT 40
C 41

NBIC=0O 42
ZO=TAB2( ,1,K) 43
RO=TAB2(1,2,K) 44
PO=TAB(I,3,K) 45
UO=TAB(1,4tK) 46
VO=TAB(I5,IK) 47
RHOO=TAB( I6,K) 48
EO=TAB(I,7,K) 49
AO=TAB(I,8,K) 50
LO=TAB(II9,K) 51
MO=TAB(IlOK) 52
UBARO=TAB( I,1,K) 53
VBARO=TAB( I,12,K) 54
UTOH=TAB(1,13,K) 55
UTO=UTOH 56
ITS44=ITS4 57
IF (IRARF.EQ.1) GO TO 170 58
M=1-(NR-2)*(K-2) 59
FF=RO-RARF2(M+1,2)-(RARF2(M,2)-RARF2(M+1,2))*(ZO-RARF2(M+1,1))/(RA 60
1RF2(M1)-RARF2(M+1,11)) 61

169 CONTINUE 62
IF (FF.LT..001) GO TO 350 63

170 IF (I.NE.1) GO TO 180 64
MO=TAB(I10,K) 65
LO=0. 66
GO TO 190 67

180 IF (I.LT.NN) GO TO 184 68
UP=H*(TAB(I-1,13,K)-TAB(I,13,K)) 69



TMP=SQRT((TAB2(I-1,2,K)-RO)**2+(TAB2(I-1,1,K)-ZO)**2) 70
OOMEG=UP/TMP 71
GO TO 186 72

184 DRI=TAB2(I+I,2,K)-RO 73
DR2=RO-TAB2(I-l,2,K) 74
DZ1=TAB2(I+1,1,K)-ZO 75
DZ2=ZO-TAB2(I-1,1,K) 76
UP=H*(TAB(I-1,13,K)-TAB(I+1l3,K)) 77
TMP=SQRT(DR1**2+DZ1**2)+SQRT(.DR2**2+DZ2**2) 78
DOMEG=UP/TMP 79
KICK=184 80
CALL DVCHK(KQ) 81
IF (KQ.EQ.1) GO TO 9980 82

C 83
C COMPUTE NEW LOMO 84
C 85
186 COMEG=COS(DOMEG) 86

SOMEG=SIN(DOMEG) 87
XLO=LO*COMEG+MO*SOMEG 88
XMO=MO*COMEG-LO*SOMEG 89
LO=XLO 90
MO=XMO 91
IF (PO.GT..0025) GO TO 190 92
PO=0. 93
UO=O. 94
VO=VP*(1.-(-1.)**K)/2. 95
RHOO=RHOSTR 96
EO=O. 97
AO=SQRT(BIGAPR/RHOSTR) 98
UBARO=MO*VO 99
VBARO=VBARS 100
UTO=UBARO+AO*(-1.)**K 101
GO TO 350 102

190 ITS33=ITS3 103
C 104
C FIND GUESS TO START ITERATION 105



C 106
195 CALL GUESS(1,KOD2,ZOtRO,ItKZZRRDZtDR) 107

IF (KOD2.EQ.1) GO TO 200 108
WRITE (3,198) I,KZORO 109
WRITE (3,7002) ZZRRDZDR 110

198 FORMAT (31HONO GUESS FOUND FOR SHOCK POINT/3HOI=,I4,6X2HK=,Il40X3 111
1HZO=,E15.8,1OX3HRO=,E15.8/1H1) 112
CALL EXIT 113

200 CONTINUE 114
KY=K 115
NTW=O 116
IF (K.EQ.2) GO TO 201 117
VBARS=VP*LO 118
DIRCOS=-MO 119
GO TO 203 120

201 DIRCOS=MO 121
203 CONTINUE 122

CALL NRIT2(Z1,RIZZDZRRDREPS1,EPS2,FGOFlITS1,KODE) 123
IF (KODE.EQ.0) GO TO 205 124

C 125
C BICHARACTERISTIC SELECTION SCHEME 126
C 127

IF (NBIC.EQ.0) GO TO 204 128
IF (NTW.EQ.8)KY=KY+1 129
IF (NTW.GT.21) GO TO 7000 130
ANGI=ANG1+DTPSI*(-1.)**KY 131
DIRCOS=SIN(ANGI) 132
LO=COS(ANG1) 133
NTW=NTW+1 134
GO TO 203 135

204 CONTINUE 136
NBIC= 137
CALL DBLTRP(ZZ,RRANS) 138
UA=ANS(2) 139
VA=ANS(3) 140
AA=ANS(6) 141

Go



ZZZ=ZZ+DZ 142
CALL DBLTRP(ZZZRRANS) 143
UB=ANS(2) 144
VB=ANS(3) 145
AB=ANS(6) 146
RRR=RR+DR 147
CALL DBLTRP(ZZRRRANS) 148
UC=ANS(2) 149
VC=ANS(3) 150
AC=ANS(6) 151
MM=0 152
TPSI=1.5708*(-1.)**K 153
XB=ZZ 154
YB=RR 155
NOM=5 156
CA=NOM 157

6201 DTPSI=.01745 158
DTPSI=CA*DTPSI 159
TPSI=TPSI+DTPSI*(-1.)**K 160
A1=1.+H*(VB-VA+(AB-AA)*SIN(TPSI))/DZ 161
B1=H*(VC-VA+(AC-AA)*SIN(TPSI))/DR 162
C1=-(ZZ-ZO+H*(VA+AA*SIN(TPSI))) 163
A2=H*(UB-UA+(AB-AA)*COS(TPSI))/DZ 164
B2=1.+H*(UC-UA+(AC-AA)*COS(TPSI))/DR 165
C2=-(RR-RO+H*(UA+AA*COSITPSI))) 166
DET=A1*82-A2*Bl 167
DELX=(B2*CI-81*C2)/DET 168
DELY=(Al*C2-A2*C1)/DET 169

C 170
C TEST FOR SAME REGION 171
C 172

XBI=XB+DELX 173
YB1=YB+DELY 174
M=COMPIXBYBXB1,YB1) 175
IF (M.EQ.1) GO TO 6203 176
MM=MM+1 177



IF (MM.LT.360/NOM) GO TO 6201 178
7000 WRITE (3,7001) 179
7001 FORMAT (41HOBICHARACTERISTIC SELECTION SCHEME FAILED) 180

WRITE (3,614) ZO,RO 181
614 FORMAT (IX5HZO =tE15.8,4X5HRO =,E15.8) 182

WRITE (3,7002) UAVAAAUBVB,ABtUCVCACZZtDZRRDR,ANGI 183
7002 FORMAT (4E16.8) 184

CALL EXIT 185
6203 CONTINUE 186

WRITE (3,6210) 187
6210 FORMAT (53HOBICHARACTERISTIC SELECTION SCHEME EMPLOYED BY SHOCKX) 188
6204 ANG1=TPSI 189

T1=DIRCOS 190
T2=LO 191
DIRCOS=SIN(ANG1) 192
LO=COS(ANG1) 193
GO TO 203 194

205 CONTINUE 195
UBARS1=0. 196
IF (K.EQ.1)UBARS1=MO*VP 197
CALL DBLTRP(ZlR1,ANS) 198
P1=ANS(1) 199
U1=ANS(2) 200
VI=ANS(3) 201
RHOI=ANS(4) 202
E1=ANS(5) 203
A1=ANS(6) 204

206 CONTINUE 205
KICK=205 206
CALL DVCHK(KQ) 207
IF (KQ.EQ.1) GO TO 9980 208
IF (NBIC.EQ.0) GO TO 207 209

7003 SINTH=ABS(DIRCOS) 210
COSTH=ABS(LO) 211
DIRCOS=T1 212
LO=T2 213



207 CONTINUE 214
UBAR1=LO*U1+MO*V1 215
IF (K.EQ.2) GO TO 208 216
IF (UBAR1.LT.VP/2.) GO TO 208 217
UBAR1=UBARS1-UBAR1 218

208 CONTINUE 219
218 CONTINUE 220

M1=PART(l1,Z1,RlZZ RRDELTANDEL) 221
IF (MI.EQ.1) GO TO 210 222
PUR=0. 223
PVR=0. 224
GO TO 215 225

210 CALL OBLTRP(ZZ,RR,ANS) 226
DP=RR-R1 227
PUR=(ANS(2)-U1)/DP 228

219 CONTINUE 229
PVR=(ANS(3)-V1)/OP 230

215 MI=PART(2,ZItR1,ZZ,RR,DELTA,NDEL) 231
IF (M1.EQ.1) GO TO 220 232
PUZ=O. 233
PVZ=O. 234
PAL=O. 235
GO TO 225 236

220 CALL DBLTRP(ZZ,RR,ANS) 237
DP=ZZ-Zl 238

PUZ=(ANS(2)-U1)/DP 239
PVZ=(ANS(3)-V1)/DP 240

225 CONTINUE 241
IF INBIC.EQ.1) GO TO 7004 242
PURB1=LO*PUR+MO*PVR 243
PVRB1=LO*PVR-MO*PUR 244
PVZBI=LO*PVZ-MO*PUZ 245
PVEB1=-MO*PVRB1+LO*PVZB1 246
SBAR1=PVEB1 247

226 CONTINUE 248
IF (ABS(R1).LE.EPS) GO TO 235 249
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SBAR1=SBAR1+U1/R1 250
GO TO 240 251

7004 CONTINUE 252
IF (V1.GT.VP/2..AND.K.EQ.1)VI=VP-V1 253
SBAR1=SINTH**2*PUR-SINTH*COSTH*(PUZ+PVR)+COSTH**2*PVZ 254
GO TO 226 255

235 SBAR1=SBAR1+PUR 256
C 257
C 258
240 ITS22=ITS2 259

MMM=O 260
250 CONTINUE 261

CALL EQOSS(PFRPFE) 262
BIGA1=RHO1*A1 263
KICK=250 264
CALL DVCHK(KQ) 265
IF (KQ.EQ.1) GO TO 9980 266
TEMP=I.-RHOSTR/RHOO 267
TMP=SQRT(PO*TEMP/RHOSTR) 268
IF (K.EQ.2) GO TO 251 269
IF (TMP.LT.VP/2.) GO TO 251 270
MPROJ=1 271
TMP=UBARS1-TMP 272

251 CONTINUE 273
TMP6=TMP 274

256 CONTINUE 275
FNBIC=NBIC 276
TNP1=PI+BIGA1*UBAR1-RHOI*H*SBARI*A1**2+BIGA1*(-UBAR1+COSTH*Ul+SINT 277
1H*V1-SINTH*LO*VBARS+COSTH*MO*VBARS)*(FNBIC) 278
TMP2=PFR*TEMP+PO*RHOSTR/RHOO**2 279
TMPS=PFE*TEMP 280
GTMP=-RHO1*A1 281
IF (NBIC.EQ.O) GO TO 259 282
GTMP=GTMP*(COSTH*LO+SINTH*MO) 283

259 CONTINUE 284
BIGG=PO-(GTMP*TMP+TMP1) 285



PGR=PFR-((GTMP*TMP2)/(2.*RHOSTR*TMP6) 286
PGE=PFE-((GTMP*TMPS)/(2.*RHOSTR*TMP6)) 287

265 TMP=.5*(1./RHOSTR-1./RHO0) 288
BIGH=EO-TMP*PO 289
PHR=-TMP*PFR- 5*PO/RH00**2 290
PHE=1.-TMP*PFE 291
IF (ABS(BIGH).GT..0001) GO TO 267 292
BIGH=0. 293

267 IF (ABS(BIGG).GT..0001) GO TO 269 294
BIGG=0. 295

269 CONTINUE 296
C 297
C COMPUTE DELTA EO,DELTA RHOO 298
C 299

DOWN=PGE*PHR-PGR*PHE 300
DEO=(-BIGG*PHR+BIGH*PGR)/DOWN 301
DRHOO=(-BIGH*PGE+BIGG*PHE)/DOWN 302

C 303
E02=EO+DEO 304
IF (E02.LT.O.)E02=0. 305
RHOO2=RHOO+DRHOO 306
IF (RHOO2.LT.RHOSTR)RHO02=RHOO 307
KICK=265 308
CALL DVCHK(KQ) 309
IF (KQ.EQ.1) GO TO 9980 310

CALL EQOSP(RHOO2,E02,P02) 311
UBARO2=(1.-RHOSTR/RH002)*(PO2/RHOSTR) 312
IF (UBARO2.GT.O.) GO TO 2669 313
WRITE (3,2700) P02,RHOO2,E02,RO,Z0 314

WRITE (3,7002) Pl,U1,VI,RHO1,ElZ1TR1,SBARI 315
2700. FORMAT (4E16.8) 316

2669 CONTINUE 317
UBARO2=SQRT(UBAR02) 318
IF (E02.LT.1.E-5) GO TO 273 319
IF (ABS((E02-EO)/E02).LT.EPS4) GO TO 273 320
IF (ABS(DEO)IGT..01*EPS4) GO TO 275 321



273 IF (ABS((RHOO2-RHOO)/RHOO2)*LE*EPS3) GO TO 285 322

IF (ABS(DRHOO).LT.EPS3) GO TO 285 323

275 ITS22=ITS22-1 324

IF (ITS22.GT.0) GO TO 280 325

WRITE (3,278) ITS2 326

278 FORMAT (35HOE AND RHO FAILED TO CONVERGE AFTER,I4,6H TRIES) 327

WRITE (3,279) I,K,ZORO,EO,RHOO,POEO2,RHOO2,P02 328

279 FORMAT (1X2HI=,I4,4X2HK=,I4/1X4HZO =,E15.8,4X4HRO =,E15.8,4X4HEO = 329

1,E15.8,4X6HRHOO =,E15.8,4X4HPO =,E15.8/1X4HEO2=,E15.8,4X6HRH
OO 2 =,E 330

115.8,4X4HP02=E15.8/1H1 )  
331

STOP 332

280 EO=E02 
333

RHOO=RHOO2 334

PO=PO2 335

UBARO=UBARO2 
336

GO TO 250 337

285 EO=E02 338

RHOO=RHOO2 339

UBARO=UBAR02 340

AO=SQRT(PFR+PO2*PFE/RHOO**2) 341

C 
342

C 
343

CALL DVCHK(KQ) 344

KICK=285 345

IF (KQ.EQ.1) GO TO 9980 346

IF (K.EQ.2) GO TO 286 347

VBARO=VP*LO 348

GO TO 287 349

286 VBARO=O. 350

287 CONTINUE 
351

295 PO=P02 352

IF (K.EQ.2) GO TO 296 353

UBARO=UBARS1-UBAR0  
354

296 CONTINUE 355

UTO=(RHOO*UBARO-RHOSTR*UBARS1)/(RHOO-RHOSTR) 356

VO=MO*UBARO+LO*VBARO 357



UO=LO*UBARO-MO*VBARO 358
UBAR=.5*(UTOH+UTO) 359
IF (ABS((UBAR-UTOH)/UBAR).LE.EPS6) GO TO 350 360
IF (ABS(UBAR-UTOH).LT.EPS6) GO TO 350 361
ITS44=ITS44-1 362
IF (ITS44.GT.0) GO TO 325 363
WRITE (3,297) ITS4,UTOH,UTO 364

297 FORMAT (30HOUBAR FAILED TO CONVERGE AFTER,14,6H TRIES/1X5HUTOH=,E1 365
15.8,4X4HUTO=,E15.8) 366
CALL EXIT 367
WRITE (3,279) I,KtZOROEORHOOPO,EO2,RHOO2,P02 368

C 369
C INIT. FOR MORE U BAR ITERATIONS 370
C 371
325 UTOH=UBAR 372

AVMO=(TAB(IlOK)+MO)*.5 373
AVLO=(TAB(I,9,K)+LO)*.5 374
ZO=TAB(I,l,K)+UBAR*H*AVMO-VBARS*AVLO*H 375
RO=TAB(I2,K)+UBAR*H*AVLO-VBARS*AVMO*H 376
LO=AVLO 377
MO=AVMO 378
GO TO 195 379

C 380
C ONE SHOCK POINT HAS CONVERGED 381
C 382
350 TAB2Itl,K)=ZO 383

TAB2(I,2,K)=RO 384
TAB2( ,3,K)=PO 385
TAB2( ,4,K)=UO 386
TAB2(l 5,K)=VO 387
TA82( I,6K)=RHOO 388
TAB2( I,7K)=EO 389
TAB2(I,8,K)=AO 390
TAB2(I,9,K)=LO 391
TAB2(I,10,K)=MO 392
TAB2(Il11,K)=UBARO 393
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TAB2(I 12,K)=VBARO 394

TAB2(I13,K)=UTO 395

KICK=500 396

CALL DVCHK(KQ) 397

IF (KQ.EQ.1) GO TO 9980 398

C 399

C 
400

500 CONTINUE 401

505 CONTINUE 402

RETURN 403

9980 WRITE (3,9985.) KICK 404

9985 FORMAT (32HODIVIDE CHECK NEAR STATEMENT NO.,15,15H IN SUBR. SHOCK/ 405

11H1) 406

CALL EXIT 407

RETURN 408

END 409

SUBROUTINE FGOFI(ZXRXSStQQ) 1

C 2

C COMPUTES S1,Q1 FOR SHOCK LINE 3

C ITERATION FOR Z19R1 4

C 5

COMMON CASEID(14),ITS1,ITS2,ITS3,ITS4,ITIltITI2,ITI3ITI
4 ,EPS1,EPS 6

L2 ,EPS3 9 EPS 4 ,EPS5,EPS6,EPI1IEPI2,EPI3,EPI4,EP15,EPI6,EPITVPARPLEN 
7

lGTHAPRBPRBIGAPRBIGBPRESTARALPHABETARHOSTREPRStRHOS 8

COMMON XMESHt20206),XMESH2(20,20,6),Z(20),R(20),SURF(1
5,8),SURF 2  9

1(15t8),TAB(15,14,2),TAB2(15,1492),SPART(15,2,2),RARF(15,11),RARF2( 
10

115,4),RPART(15,2) 
11

C 
12

C 
13

COMMON ZOROPOUOVO,LO,MO,RHOO,EO,AO,UBAROVBARO 14

C 
15

COMMON NPNTNR,NI,NDELISUB 16

C 
17

COMMON ZMIN,ZMAX,RMIN,RMAXRADIUS,GZ,GRDELTA,H 18

COMMON DIRCOS 19

COMMON TIME 20



COMMON IRARF 21
COMMON KSTOP 22
COMMON TPSI 23
COMMON KKK 24
REAL LOMO,LENGTHtMUKO 25

C 26
DIMENSION ANS(6) 27

C 28
REAL LOMO 29
CALL DBLTRP(ZXRXANS) 30
Ul=ANS(2) 31
V1=ANS(3) 32
AI=ANS(6) 33
SS=ZX-ZO+H*( V1+A*DIRCOS) 34
QQ=RX-RO+H*(UI+A1*LO) 35
RETURN 36
END 37
SUBROUTINE INTER(PHINMAX,MMAX)

C SUBROUTINE INTER
C COMPUTES INTERIOR REGION POINTS 2

COMMON CASEID(14),ITS1,ITS2,ITS3,ITS4,ITI1,IT12,ITI3,ITI4,EPS1,EPS 3
12,EPS3,EPS4,EPS5,EPS6,EPI1EPI2,EPI3,EPI4,EPI5,EPI6,EPIT,VPARLEN 4
1GTHAPRPRBIGAPRBIGBPRESTARALPHABETARHOSTREPRSRHOS 5
COMMON XMESH(20,20,6)tXMESH2(20,20,6)tZ( R(R20,SURF(15,8)tSURF2 6
1(15,8),TA8(15,14,2),TAB2(15,14,2),SPART(15,2,2),RARF(15,11),RARF2( 7
115,4),RPART(15,2) 8

C 9
C 10

COMMON ZO,ROPO,UOVOtLOMORHOOEOAOUBAROVBARO 11
C 12

COMMON NP,NTNR,NI,NDEL,ISUB 13
C 14

COMMON ZMINtZMAXRMINRMAXRADIUStGZGRDELTAeH 15
COMMON DIRCOS 16
COMMON TIME 17
COMMON IRARF 18
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COMMON KSTOP 19

COMMON TPSI 20
COMMON KKK 21

C 22

C 23
REAL LOMOLENGTHMUKO 24

DOUBLE PRECISION PHI(20,20,6)
DIMENSION ANS(6),LL(3),ZI(ll1)RI(11),PI(ll),UI(11),VI(11),RHOI(11 25

1,EI(ll),AI(11),PUR(11),PVR(11),PAR(11) PUZ(ll1)PVZ(ll),PAZ(11),PSI 26

1(7l SPSI(ll)vCPSI(ll)gS(ll) 27

C 28
EXTERNAL FGOFIFGOF5 29
INTEGER CHECKCHECK2 30

C 31
1 FORMAT (1HI) 32

TSSS=1.1
EPS=.0000001 33
DO 905 J=1,20 34
00 900 I=1,20 35
M=TEST(Z(I),R(J)) 36

ZO=Z(I) 37
RO=R(J) 38
KICK=1 39

CALL DVCHK(KQ) 40
IF (KQ.EQ.1) GO TO 9980 41

IF (M.EQ.3.AND.ZO.LT.EPS.AND.ABS(RO-RADIUS).LT.EPS M=1 42
IF (M.NE.1) GO TO 900 43
DO 2 L=1,NP 44
IF (TAB(L,14,1).LT.O.) GO TO 20 45

2 CONTINUE 46
IF (IRARF.EQ.1) GO TO 20 47
DO 3 N=1,NR 48

IF (R(J).GT.RARF(N,2)) GO TO 5 49
3 CONTINUE 50

GO TO 6 51
5 CONTINUE 52



M=PICK(Z(I),R(J),3) 53
FF=R(J)-RARF(+RAR(M2)-RARF(M+12)*(Z(II-RARF(M+11)/(RA 54
IRF(Mtl)-RARF(M+1l1)) 55
IF (FF.GT.O.) GO TO 20 56

6 CONTINUE 57
P02=RARF(1,3) 58
U02=RARF(14) 59
V02=RARF(lt5) 60
RHOO2=RARF(1,6) 61
E02=RARF(17) 62
A02=RARF(1,8) 63
GO TO 870 64

20 CONTINUE 65
CALL GUESS(2,KODZOtROI,JZZtRRDZDR) 66
IF (KOD.EQ.1) GO TO 580 67
WRITE (3,575) IJZORO 68

575 FORMAT (41HONO GUESS FOUND FOR INTERIOR REGION POINT/3HOI=I46X2HK 69
1=,I4,10X3HZO=,E15.8,1OX3HRO=,E15.8/1H1) 70
CALL EXIT 71

580 IF(TIME.GT.TSSS) GO TO 150
CALL DBLTRP(ZZRRtANS)
GO TO 151

150 CALL DSURFT(ZZRRANSPHINMAXMMAX)
C 73
C INITIALIZE FOR 1 POINT 74
C 75
C PSI(1)=O.

151 PSI(1)=O.
PSI(3)=1.0472 77
PSI(4)=2.0944 78
PSI(6)=4.18879 79
PSI(7)=5.23599 80
NBIC=0O 81
ITI22=ITI2 82
PO=ANS(1) 83
UO=ANS(2) 84
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VO=ANS(3) 85
RHOO=ANS(4) 86
EO=ANS(5) 87
AO=ANS(6) 88
KICK=580 89
CALL DVCHK(KQ) 90
IF (KQ.EQ.1) GO TO 9980 91

590 IF (ABS(RO).GT.EPS) GO TO 594 92
L1=1 93
LL(1)=4 94
LL(2)=6 95
LLL=2 96
GO TO 620 97

C 98
C 99
594 IF (ABS(RO-RADIUS).GT.EPS) GO TO 600 100

IF (ZO.GT.EPS) GO TO 610 101
L1=2 102
LL(1)=3 103
LL(2)=7 104
LLL=2 105
GO TO 620 106

600 IF (RO.LE.RADIUS.OR.ABS(ZO).GT.EPS) GO TO 610 107
L1=3 108
LL(1)=6 109
LL(2)=7 110
LLL=2 111
GO TO 620 112

C 113
C 114
610 L1=4 115

LL(1)=1 116
LL(2)=4 117
LL(3)=6 118
LLL=3 119

C 120



C ITERATE FOR I VALUES 121
C 122
619 CONTINUE 123
620 00 630 KK=1tLLL 124

LUMP=L1 125
ISUB=LL(KK) 126

621 CONTINUE 127
TPSI=PSI(ISUB) 128
SPSI(ISUBI=SIN(TPSI) 129
CPSI(ISUBI=COS(TPSI) 130

C CALL NRIT2(ZI(ISUB),RI(ISUB),ZZDZRRDREPI1,EPI2,FGOFIITI1,KODE 131
C 1)

CALL NRIT2(ZI(ISUB),RI(ISUB),ZZtDZiRRDREPI1,EPI2,FGOFIITI1,KODE 131
1,PHINMAXMMAX)
IF (KODE.NE.0) GO TO 6200 133

625 IF(TIME.GT.TSSS) GO TO 125
CALL DBLTRP(ZI(ISUB),RI(ISUB),ANS)
GO TO 122

125 CALL DSURFT(ZIlSUB),RI(ISUB)tANStPHINMAXMMAX)
122 PIIISUB)=ANS(1)

C PI(ISUB)=ANS(1)
UIIISUB)=ANS(2) 136
VI(ISUB)=ANS(3) 137
RHOI(ISUB)=ANS(4) 138
EIIISUB)=ANS(5) 139
AI(ISUB)=ANS(6) 140

630 CONTINUE 141
C 142
C 143

KICK=630 144
CALL DVCHK(KQ) 145
IF (KQ.EQ.1) GO TO 9980 146
GO TO 6400 147

C 148
C BICHARACTERISTIC SELECTION SCHEME 149
C 150



7000 WRITE (3,7001) 151
7001 FORMAT (41HOBICHARACTERISTIC SELECTION SCHEME FAILED) 152

WRITE (3,614) ZORO 153
WRITE (3,7002) (PSI(MNMN),MNMNN=1,7),UAVA,VAAtUBtVBABUCVCtACZZ, 154
1DOZRR9DR#ANG1,ANG2 155
SUB=ISUB 156
WRITE (3,7002) SUBZI(ISUB),RIIISUB) 157

7002 FORMAT (4E16.8) 158
CALL EXIT 159

6200 CONTINUE 160
IF (NBIC.NE.0) GO TO 7000 161
IF (L1.NE.2.0R.LL(1).EQ.1) GO TO 7300 162
LL(1)=1 163
GO TO 619 164

7300 CONTINUE 165
IF (L1.NE.3) GO TO 7310 166
IF (PSI(6).GT.4.2) GO TO 7310 167
PSI(6)=5,75959 168
GO TO 619 169

7310 CONTINUE 170
IF(TIME.GT.TSSS) GO TO 222
CALL DBLTRP(ZZRRANS)
GO TO 223

222 CALL DSURFT(ZZtRRANSPHINMAXMMAX)
223 UA=ANS(2)

C UA=ANS(2)
VA=ANS(3) 173
AA=ANS(6) 174
ZZZ=ZZ+DZ 175
IF(TIME.GT.TSSS) GO TO 128
CALL DBLTRP(ZZZRRANS)
GO TO 129

128 CALL DSURFT(ZZZRR, ANSPHINMAXMMAX)
129 UB=ANS(2)

C UB=ANS(2)
VB=ANS(3) 178
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AB=ANS(6) 179
RRR=RR+DR 180
IF(TIME.GT.TSSS) GO TO 130
CALL DBLTRP(ZZRRRANS)
GO TO 131

130 CALL DSURFT(ZZRRRANSPHINMAX,MMAX)
131 UC=ANS(2)

C UC=ANS(2)
VC=ANS(3) 183
AC=ANS(6) 184
MM=0 185
TPSI=PSI(ISUB) 186
XB=ZZ 18T
YB=RR 188
NOM=5 189
CA=NOM 190
DO 6210 LM=1,2 191

6201 DTPSI=.01745 192
DTPSI=CA*DTPSI 193
TPSI=TPSI+DTPSI 194
AI=1.+H*(VB-VA+(AB-AA)*SIN(TPSI)I/DZ 195
81=H*(VC-VA+(AC-AA)*SIN(TPSI))/DR 196
C1=-(ZZ-ZO+H*(VA+AA*SIN(TPSI)) 197
A2=H*(UB-UA+(AB-AA)*COS(TPSI))/DZ 198
82=1.+H*(UC-UA+(AC-AA)*COS(TPSI)I/DR 199
C2=-(RR-RO+H*(UA+AA*COS(TPSI))) 200
DET=A1*B2-A2*B1 201
DELX=(B2*C1-B1*C2)/DET 202
DELY=(AI*C2-A2*C1)/DET 203

C 204
C TEST FOR SAME REGION 205
C 206

XB1=XB+DELX 207
Y81=YB+DELY 208
M=COMP(XBYBXB1,YB1) 209
IF (LM.EQ.2) GO TO 6700 210
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IF (M.EQ.1) GO TO 6203 211
GO TO 6800 212

6700 CONTINUE 213
IF (M.NE.1) GO TO 6203 214

6800 CONTINUE 215
MM=MM+1 216
IF (MM*LE.360/NOM) GO TO 6201 217

612 WRITE (3,613) ITI1 218
613 FORMAT (44HOFAILED TO FIND 2 POINTS IN THE SAME REGION 21H IN SUBR 219

1. NRIT2 AFTER,14,6H TRIES) 220
WRITE (3,614) ZO,RO 221

614 FORMAT (lX5HZO =,E15.8,4X5HRO =,E15.8) 222
WRITE (3,6144) LM 223
WRITE (3,6145) M 224
WRITE (3,6146) KODE 225
WRITE (3,7002) XB,YB,XB1,YB1 226

6144 FORMAT (4H LM=,14) 227
6145 FORMAT (3H M=,I4) 228
6146 FORMAT (6H KODE=,I4) 229

CALL EXIT 230
6203 GO TO (6204,6205),LM 231
6204 ANG1=TPSI 232

MM=O 233
GO TO 6210 234

6205 ANG2=TPSI-DTPSI 235
6210 CONTINUE 236

AL=LLL+1 237
00 6300 KK=1,LLL 238
ISUB=LL(KK) 239
AK=KK 240
PSI(ISUB)=ANGI+(ANG2-ANG1)*AK/AL 241

6300 CONTINUE 242
NBIC=1 243
GO TO 619 244

C 245
C 246
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6400 CONTINUE 247
IF (Li.EQ.2.OR.L1.EQ.3) GO TO 642 248

C CALL NRIT2(ZI(8),RI8),ZZDZRR,OREPI1,EPI2,FGOF5,ITI1,KODE) 249
CALL NRIT2(ZI(8),RI(8),ZZDZtRRtDR,EPIIEPI2,FGOF5,ITI1,KODEt
1 PHINMAXMMAX)
IF (KOOE.EQ.0) GO TO 635 250
ISUB=8 251
WRITE (3,622) ITIlItJtISUBZOtROZZ,RR,ZI(8),RI(8) 252

622 FORMAT (27HOFAILED TO FIND ZI,RI AFTER1I4,6H TRIES,3X2HI=,I4,3X2HJ 253
1=,I4,3X5HISUB=14/1X3HZO=,E15.896X3HRO=,E15.8/1X3HZZ=tE15.86X3HRR 254
1=,E15.8/1X3HZI=,E15.8,6X3HRI=tE15. 8/1H1 255
CALL EXIT 256

C 257
C 258

635 IF(TIME.GT.TSSS) GO TO 132
CALL DBLTRP(ZI(8),RI(8),ANS)
GO TO 133

132 CALL DSURFTIZI(8),RI(8),ANSePHINMAXMMAX)
133 PI(8)=ANS(1)

C PI(8)=ANS(1)
UI(8)=ANS(2) 261
VI(8)=ANS(3) 262
RHOI (8)=ANS(4) 263
EI(8)=ANS( 5) 264
Al (8)=ANS(6) 265

C 266
642 00 670 IL=19LLL 267

NN=LL(IL) 268
M=PART(,tZI(NN),RI(NN),ZXtRX,DELTANDEL) 269
IF (M.EQ.1) GO TO 645 270
PUR(NN)=O. 271
PVR(NN)=O. 272
GO TO 648 273

645 IF(TIME.GT.TSSS) GO TO 134
CALL DBLTRP(ZXRXANS)
GO TO 135
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134 CALL DSURFT(ZXtRXANS,PHINMAXMMAX)
135 DEN=RX-RI(NN)

C DEN=RX-RI(NN)
PUR(NN)=(ANS(2)-UI(NN))/DEN 276
PVR(NN)=(ANS(3)-VI(NN))/DEN 277

648 M=PART(2,ZI(NN),RI(NN),ZXRXDELTANDEL) 278
IF (M.EQ.1) GO TO 650 279
PUZ(NN)=O. 280
PVZ(NN|=O. 281
GO.TO 655 282

650 IF(TIME.GT.TSSS) GO TO 136
CALL DBLTRP(ZXRXtANS)
GO TO 137

136 CALL DSURFT(ZXRXANStPHINMAXtMMAX)
137 DEN=ZX-ZI(NN)

PUZ(NN)=(ANSt2)-UI(NN))/DEN 285
PVZ(NN)=(ANS(3)-VI(NN))/DEN 286

655 S(NN)=SPSI(NN)**2*PURINN)-CPSI(NN*SPSI(NN)*(PVR(NN)+PUZ(NN))+CPSI 287
1(NN)**2*PVZ(NN) 288

C 289
IF (ABS(RI(NNI).GT.EPS) GO TO 660 290
CON=PUR(NN) 291
GO TO 662 292

660 CON=UI(NN)/RI(NN) 293
662 S(NN)=-RHOI(NN)*H*AI(NN)**2*(S(NN)+CON)+PI(NN)+RHOI(NN)*AI(NN)*CPS 294

1I(NN)*UI(NN)+RHOI(NN)*AI(NN)*SPSI(NN)*VI(NN) 295
670 CONTINUE 296
1005 CONTINUE 297
1002 FORMAT (4E16.8) 298

KICK=670 299
CALL DVCHK(KQ) 300
IF (KQ.EQ.1) GO TO 9980 301

C 302
C COMPUTE NEW PUV 303
C 304

GO TO (690,692,695,698),L1 305
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690 DUO=O. 306
U02=0. 307
V02=(S(4)-S(6))/(RHOI(4)*AI(4)*SPSI(4)-RHOI(6)*AI(6)*SPSI(6)) 308
P02=S(4)-RHOI(4)*AI(4)*SPSI(4)*V02 309
GO TO 700 310

C 311
C 312
692 DPO=0. 313

P02=0. 314
L=LL(1) 315
TMPI=RHOI(7)*RHOI(L)*AI(7)*AI()*(CPSI (7*SPSI(L)-CPSI(L*SPSI(7) 316
V02=(S(L)*RHOI(7)*AI(7)*CPSI(7)-S(7)*RHOI(L.)*AI(L)*CPSI (L))/TMP1 317
U02=(S(L)-RHOI(L)*AI (L*SPSI(L)*VO2)/(RHOI(L)*AI(L)*CPSIt(L) 318
GO TO 700 319

C 320
C 321
695 DPO=0. 322

P02=0. 323
TMPl=RHOI(7)*RHOI(6)*AI(7)*AI(6)*(CPSI (7)*SPSI(6)-SPSI 7)*CPSI(61 324
V02=(S(6)*RHOI(7)*AI(7)*CPSI(7)-S(7)*RHOI(6)*AI(6)*CPSI(6))/TMP1 325
U02=(S(6)-RHOI(6)*AI(6)*SPSI(6)*V02)/(RHOI(6)*AI(6)*CPSI(6)I 326
GO TO 700 327

698 CONTINUE 328
L=LL(1) 329
TMPl=RHOI(4)*AI(4)*CPSI(4)-RHOI(L)*AI(LICPSI(L) 330
TMP2=RHOI(4)*AI (4)*SPSI(4)-RHOI(L)*AI(L)*SPSI(L) 331
TMP3=RHOI(6)*AI(6)*CPSI(6)-RHOI(L)*AI(L)*CPSI(L) 332
TMP4=RHOI(6)*AI(6)*SPSI(6)-RHOI(L)*AI(L)*SPSI(L) 333
V02=((S(4)-S(L))*TMP3-(S61)-S(L))*TMP1)/(TMP3*TMP2-TMPI*TMP4) 334
U02=(S(4)-S(L)-TMP2*V02)/TMP1 335
P02=S(6)-RHOI(6)*AI(6)*CPSI(61*UO2-RHOI(6)*AI(6)*SPSI(6)*V02 336

700 KICK=700 337
CALL DVCHK(KQ) 338
IF (KQ.EQ.1) GO TO 9980 339

C 340
C 341
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C ITERATE FOR RHOOtEO 342
C 343
705 IT133=ITI3 344

IT144=ITI4 345
KM=1 346

708 CONTINUE 347
CALL EQOSI(PO2,PGRHOPGEBIGGCHECKKRTTAO2EO2,RHOO2,KMEPS) 348

IF (KRTT.EQ.1) GO TO 871 349

725 TI=RHOO-RHOI(8) 350
TZ=PI(8)/RHOI(8)**2 351
BIGH=EI(8)+T2*T1-EO 352
PHE=-1. 353
PHRHO=T2 354
KICK=725 355

CALL DVCHK(KQ) 356
IF (KQ.EQ.1) GO TO 9980 357

C 358

C COMPUTE NEW EORHOO 359

C 360
DOWN=PGE*PHRHO-PGRHO*PHE 361
DEO=(-BIGG*PHRHO+BIGH*PGRHO)/DOWN 362

DRHOO=(-BIGH*PGE+BIGG*PHE)/DOWN 363

E02=EO+DEO 364
RHOO2RO+DR HOO 365

C 366
C CHECK E02,RHOO2 FOR CONVERGENCE 367

KICK=726 368

CALL DVCHK(KQ) 369
IF (KQ.EQ.1) GO TO 9980 370

C 371
IF (ABS(OEO/EOI.LT.EPI7) GO TO 726 372

IF (ABS(DEO).GT..O1*EPI7) GO TO 730 373

726 IF (ABS(DRHOO/RHOO).LE.EPI6) GO TO 740 374
IF (ABS(DRHOO).LT.EPI6) GO TO 740 375

730 ITI33=ITI33-1 376

IF (ITI33.NE.O) GO TO 735 377



WRITE (6,732) IT13tIJtZOtROPOUOVORHOOEOPO9UO2rVO2ORHOOu2EO 378

12 379

732 FORMAT (33HOEO0RHOO FAILED TO CONVERGE AFTERI4,6H TRIES/1X2HI=,I4 380

1,4X2HJ=I14,4X2HZ=,E15.8,4X2HR=,ES5.8/5X2HPOl8X2HU018X2HVOI8X4HRHOO 381

116X2HEO/5X3HPO217X3HU0217X3HVO217X5HRHOO215X3HEO2//(5E20.
8 )) 382

WRITE (3,1) 383

CALL EXIT 384
735 EO=EO2 385

RHOO=RHOO2 386

KM=O 387

GO TO 708 388

C 389

C CHECK FOR PROPER EQUATIONS 390

C 391

740 CONTINUE 392

PGE=-PGE 393
PGRHO=-PGRHO 394
IF (RHOO2.GE.RHOSTR) GO TO 750 395

IF (EO2.LT.EPRS) GO TO 750 396

742 CHECK2=0O 397
GO TO 752 398

750 CHECK2=1 399

752 A02=SQRT(+PGRHO+PO2*PGE/RHO02**2) 400
IF (CHECK.EQ.CHECK2) GO TO 870 401
ITI44=ITI44-1 402
IF (ITI44.NE.0) GO TO 770 403

WRITE (3,755) ITI4,ItJZORO,POUOtVORHOOEO,AOPO2,UO2,VO2,RHOO2 404

1,E02,A02 405
755 FORMAT (38HOFAILED TO USE CORRECT EQUATIONS AFTERI6,6H TRIES/1X2H 406

II=,I4,4X2HJ= I4,4X2HZ=,E15.8,4X2HR=tE15.8/5X2HP018X2HU018X2HV018X4 407

1HRH0016X2HE018X2HAO/5X3HP0217X3HU0217X3HV0217X5HRHOO215X3HEO217X3H 408

1A02//(6E20.8)) 409

WRITE (3,1) 410

CALL EXIT 411
770 KICK=770 412

CALL DVCHK(KQ) 413



IF (KQ.EQ.1) GO TO 9980 414
ITI33=ITI3 415
GO TO 735 416

C 417
C ALL VALUES HAVE CONVERGED FOR 1 INTERIOR POINT 418
C 419
871 KRTT=O 420
870 XMESH2(I,J,1)=P02 421

XMESH2(ItJ,2)=U02 422
XMESH2(I,J,3)=V02 423
XMESH2(IJ,4)=RHO02 424
XMESH2(ItJ,5)=EO2 425
XMESH2(IJ,6)=A02 426
KICK=900 427
CALL DVCHK(KQ) 428
IF IKQ.EQ.1) GO TO 9980 429

900 CONTINUE 430
905 CONTINUE 431

IF (ITS3.EQ.1) GO TO 950 432
CALL ITRP 433
RETURN 434

950 CONTINUE 435
9980 WRITE (3,9985) KICK 436

WRITE (3,614) ZO,RO 437
9985 FORMAT (32HODIVIDE CHECK NEAR STATEMENT NO.,I5915H IN SUBR. INTER/ 438

11HI) 439
CALL EXIT 440
RETURN 441
DEBUG SUBCHK
END 442
SUBROUTINE EQOS1(PRHOPPPPVVPEE,TEETRHO,KICK) 1
COMMON CASEID(14),ITSlTS2,ITS3,ITS4,ITI1,IT12,ITI3,IT14,EPS1,EPS 2
12,EPS3,EPS4,EPS5tEPS6,EPI1EPI2,EPI3,EPI4,EPI5,EPI6,EPI7TVPAR,LEN 3
1GTHAPRBPRBIGAPRBIGBPRESTARALPHABETARHOSTREPRSRHOS 4
COMMON XMESH(20,20,6),XMESH2(20220,6)tZ(20),R(20),SURF(15,8),SURF2 5
1(15,8),TAB(15,14,2),TAB2(15,14,2),SPART(15,2,2),RARF(15,11)tRARF2( 6



115,4),RPART(15,2) 7
C 8
C 9

COMMON ZOROPO,UO,VOtLOMORHOOEOAOUBAROVBARO 10

C 11
COMMON NPNT*NRNINDEL,ISUB 12

C 13
COMMON ZMINZMAXRMINRMAXRADIUSGZGRDELTAH 14
COMMON DIRCOS 15
COMMON TIME 16
COMMON IRARF 17
COMMON KSTOP 18
COMMON TPSI 19

COMMON KKK 20
C 21
C 22

REAL LO,MOLENGTHMUKO 23
RHO=RHOSTR 24

E=VP**2/8. 25

DO 100 M=1,100 26
ETA=RHO/RHOSTR 27

MU=ETA-1. 28

G=-RHOSTR*(VP/2.)**2+((APR+BPR/(E/(ESTAR*ETA**2)+1.))*E*RHO+BIGAPR 29
1*MU+BIGBPR*MU**2)*(1.-RHOSTR/RHO) 30

DERIVG=((APR+BPR/(E/(ESTAR*ETA**2)+1.))*E+BIGAPR/RHOSTR+2.*BIGBPR* 31

1MU/RHOSTR+2.*E**2*BPR/(ESTAR*ETA**2*(E/(ESTAR*ETA**2)+1.)**2))*(1- 32
1-RHOSTR/RHO)+((APR+BPR/(E/(ESTAR*ETA**2)+1.))*E*RHO+BIGAPR*MU+8IGB 33

1PR*MU**2)*RHOSTR/RHO**2 34
DLTRHO=-G/DERIVG 35

RHO=RHO+DLTRHO 36

C IF(ABS(DLTRHOI.LT.1.E-07) GO TO 101 37
IF (ABS(DLTRHO).LT.1.E-06) GO TO 101 38

100 CONTINUE 39
KICK=2200 40

GO TO 9980 41

101 CONTINUE 42



PRHO=RHO 43
TRHO=RHO 44
PEE=E 45
TEE=E 46
PVV=VP/2. 47
PPP=(APR+BPR/(E/(ESTAR*ETA**2)+1.))*E*RHO+BIGAPR*MU+BIGBPR*MU**2 48

9980 RETURN 49
DEBUG SUBCHK
END 50
SUBROUTINE EQOS2(PPP,PRHOPEE) 1
COMMON CASEID(14)ITS,ITS2,ITS3ITS4,ITIIIT12,ITI3,ITI4,EPS1,EPS 2
12,EPS3,EPS4,EEPS5,ES PI1EPI2,EPI3,EPI4,EPI5,EPI6,EPIT,VP,ARLEN 3
1GTHAPRPRAPRPRBIGPRBIGBPRESTARALPHABETARHOSTR,EPRSRHOS 4
COMMON XMESH(20,20,6),XMESH2(20,20,6),Z(20),R(20),SURF(15,8),SURF2 5
1(15,8),TAB(15,14,2)tTAB2(15,14,2),SPART(15,2,2),RARF(15,11),RARF2( 6
115,4),RPART(15,2) 7

C 8
C 9

COMMON ZOROtPOtUOtVOLOMOtRHOOtEOtAOUBAROVBARO 10
C 11

COMMON NPtNTNRtNINDELISUB 12
C 13

COMMON ZMINZMAXtRMINtRMAXRADIUStGZGRDELTAH 14
COMMON DIRCOS 15
COMMON TIME 16
COMMON IRARF 17
COMMON KSTOP 18

C 19
COMMON TPSI 20
COMMON KKK 21

C 22
REAL LOMOLENGTHMUKO 23
P=PPP 24
RHO=PRHO 25
E=PEE 26
ETA=RHO/RHOSTR 27



MU=ETA-1. 28
EE=E/(ESTAR*ETA**2)+1. 29
PGRHO=E*(APR+BPR/EE)+BIGAPR/RHOSTR+(2.*BIGBPR*MU)/RHOSTR+42.*E**2* 30
1BPR)/(ESTAR*ETA**2*EE**2) 31
PGE=(APR+BPR/EE)*RHO-(E*BPR*RHO)/(ESTAR*ETA**2*EE**2) 32
AR=SQRT(PGRHO+PGE*P/RHO**2) 33
RETURN 34
DEBUG SUBCHK
END 35
SUBROUTINE EQOS3(RHO,AAtEP) 1
COMMON CASEID(14),ITS1,ITS2,ITS3,ITS4,ITIlIT12,ITI3,ITI4,EPS1,EPS 2
12,EPS3,EPS4,EPS5SEPS6,EPI1,EPI2,EPI3,EPI4,EPI5,EPI6,EPITVPARLEN 3
IGTHAPRtBPRtBIGAPRIBIGBPRESTARALPHABETARHOSTR,EPRSRHOS 4
COMMON XMESH(2020,6)tXMESH2(20,20,6),Z(20),R(20),SURF(15,8)tSURF2 5
1(15,8),TAB(15,14,2)tTAB2(1514,2),SPART(15,2,2),RARF(15tll)RARF2( 6
115,4),RPART(15,2) 7

C 8
C 9

COMMON ZO,RO,PO,UO,VOtLOMO,RHOOEOtAO,UBARO,VBARO 10
C 11

COMMON NP,NT,NR,NI,NDEL,ISUB 12
C 13

COMMON ZMIN,ZMAX,RMINRMAX,RADIUSGZtGR,DELTAH 14
COMMON DIRCOS 15
COMMON TIME 16
COMMON IRARF 17
COMMON KSTOP 18
COMMON TPSI 19
COMMON KKK 20

C 21
C 22

REAL LOMOtLENGTHMUvKO 23
70 ETA=RHO/RHOSTR 24

MU=ETA-1. 25
EE=E/(ESTAR*ETA**2)+1. 26
IF (RHO.GT.RHOSTR) GO TO 72 27
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IF IE.GE.EPRS) GO TO 74 28
72 PGRHO=E*(APR+BPR/EE)+BIGAPR/RHOSTR+i2.*BIGBPR*MU)/RHOSTR+(2.*E**2* 29

1BPR)/(ESTAR*ETA**2*EE**2) 30
PGE=(APR+BPR/EE)*RHO-(E*BPR*RHO)/(ESTAR*ETA**2*EE**2) 31
GO TO 75 32

74 C1=RHOSTR/RHO-1. 33
C2=EXP(-BETA*Cl) 34
C3=EXP(-ALPHA*C1**2) 35
T1=(BPR*E*RHO)/EE+BIGAPR*MU*C2 36
T2=2.*ALPHA*C1*(RHOSTR/(RHO**21) 37
T3=BPR*E/EE 38
T4=(2.*E)/(ESTAR*ETA**2*EE) 39
T4=T3*T4' 40
T5=(BIGAPR*C2)/RHOSTR 41
T6=(BIGAPR*MU*BETA*RHOSTR*C2)/(RHO**2) 42
PGRHO=APR*E+C3*(TI*T2+T3+T4+T5+T6) 43
T7=(BPR*RHOI/EE 44
PGE=APR*RHO+C3*(T7-T7*(E/(ESETETA**2*EE))) 45

75 AA=SQRT(PGRHO+PGE*P/RHO**2) 46
RETURN 47
DEBUG SUBCHK
END 48
SUBROUTINE EQOSS(PFRPFE) 1
COMMON CASEID(14),ITS1tITS2,ITS3,ITS4IlTI1,ITI2,IT13,IT14,EPS1,EPS 2
12,EPS3,EPS4EPS5,EPS6,EPI1EPI2,EPI3,EPI4,EPI5,EPI6,EPIT,VPAR,LEN 3
LGTHtAPRtBPRBIGAPRBIGBPRESTARALPHA,BETAtRHOSTREPRSRHOS 4
COMMON XMESH(20,20,6)tXMESH2(20,20,6)Z(20)1R(20),SURF(15,8),SURF2 5
1(15,8),TAB(15,14,2),TAB2(15,14,2),SPART(15t,22),RARF(15,11),RARF2( 6
115,4),RPART(15,2) 7

C 8
C 9

COMMON ZOtROtPOUO,VQOLOMORHOO,EO,AOUBARO,VBARO, 10
C 11

COMMON NP,NTNRNI,NDEL,ISUB 12
C 13

COMMON ZMINZMAXRMINRMAXRADIUSGZGRDELTAH 14



COMMON DIRCOS 15
COMMON TIME 16
COMMON IRARF 17
COMMON KSTOP 18
COMMON TPSI 19
COMMON KKK 20

C 21
C 22

REAL LO,HMOLENGTH,MUtKO 23
250 ETA=RHOO/RHOSTR 24

MU=ETA-1. 25
C 26
C 27

EPP=EO/(ESTAR*ETA**2)+1. 28
TMP=APR+BPR/EPP 29
TMP1=BPR/(ESTAR*ETA**2*EPP**2) 30
PFR=TMP*EO+(BIGAPR+2.*BIGBPR*MU)/RHOSTR+2.*EO**2*TMP1 31
PFE=TMP*RHOO-EO*RHOO*TMP1 32
RETURN 33
DEBUG SUBCHK
END 34
SUBROUTINE EQOSP(RHOO2,EO2,P02) 1
COMMON CASEID(14),ITSl, ITS2,ITS3,ITS4lTI1IT12,ITI3,ITI4,EPS1,EPS 2
12tEPS3,EPS4,EPS5,EPS6,EPI1IEPI2,EPI3,EPI4,EPI5,EPI6,EPITVP,AR,LEN 3
1GTHAPRBPRBIGAPR,BIGBPRESTARALPHABETAtRHOSTREPRSRHOS 4
COMMON XMESH(2020,6),XMESH2(20,20,6)tZ(20)R(20),SURF(15,819SURF2 5
1(15,8),TAB(15914,2),TAB2(15,14,2),SPART(15,2,2),RARF(15,11),RARF2( 6
115,4),RPART(15,2) 7

C 8
C 9

COMMON ZORO,PO,UO,VOtLOMORHOO,EO,AO,UBARO,VBARO 10
C 11

COMMON NPNTNRNINDELISUB 12
C 13

COMMON ZMINtZMAXRMINRMAXRADIUSGZtGRDELTAH 14
COMMON DIRCOS 15
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COMMON TIME 16
COMMON IRARF 17
COMMON KSTOP 18
COMMON TPSI 19
COMMON KKK 20

C 21
C 22

REAL LOMOLENGTHvMUtKO 23
ETA=RHOO2/RHOSTR 24
MU=ETA-1. 25
P02=EO2*RHOO2*(APR+(BPR*ESTAR*ETA**2)/(EO2+ESTAR*ETA**2I)+BIGAPR*M 26
1U+BIGBPR*MU**2 27
RETURN 28
DEBUG SUBCHK
END 29
SUBROUTINE EQOSIPO2,PGRHO,PGEtBIGGTCHECK,KRTTAO2,EO2,RHOO2,KMEP 1

IS) 2
COMMON CASEID(14) ITSi, ITS2, ITS3,ITS4,ITI11IT12,ITI3,ITI4,EPS1,EPS 3
12,EPS3,EPS4,EPS5,EPS6,EPI1,EPI2,EPI3,EPI4,EPI5,EPI6,EPI7TVPtARtLEN 4
1GTHtAPRBPR,BIGAPRBIGBPRESTARALPHAtBETARHOSTRtEPRSRHOS 5
COMMON XMESH(20,20,6)tXMESH2(2020t6),Z(20) R(20),SURF(15,8),SURF2 6
1(15,8)TABAB2(15,1492)tSPART(15,2,2),RARF(15,11),RARF2( 7
115,4),RPART(15,2) 8

C 9
C 10

COMMON ZO,ROPOUO,VO,LOMORHOORHOOEOAOUBARO,VBARO 11
C 12

COMMON NPNTNR,NI,NDELISUB 13
C 14

COMMON ZMINtZMAXRMINtRMAXRADIUStGZGRDELTAH 15
COMMON DIRCOS 16
COMMON TIME 17
COMMON IRARF 18
COMMON KSTOP 19
COMMON TPSI 20
COMMON KKK 21



C 22
C 23

REAL LO,MOLENGTHMUKO 24
INTEGER CHECKCHECK2 25
IF (KM.EQ.O) GO TO 708 26
RHOO=RHOSTR 27
TMPI=(APR+BPR)*RHOSTR-PO2/ESTAR 28
TMP2=SQRT(TMP1**2+4.*PO2*APR*RHOSTR/ESTAR) 29
EO=(-TMP1+TMP2)/(2.*APR*RHOSTR/ESTAR) 30
IF (P02.GT.EPS) GO TO 708 31
P02=0. 32
E02=0. 33
RHO02=RHOSTR 34
A02=SQRT(BIGAPR/RHOSTR) 35
KRTT=l 36
GO TO 870 37

708 KRTT=0 38
ETA=RHOO/RHOSTR 39
MU=ETA-1. 40
EE=EO/(ESTAR*ETA**2)+1. 41
IF (RHOO.GT.RHOSTR) GO TO 720 42
IF (EO.LT.EPRS) GO TO 720 43

715 C1=RHOSTR/RHOO-1. 44
BEC1=BETA*C1 45
IF (BEC1.LT.10.E10) GO TO 716 46
C2=0.0 47
GO TO 717 48

716 C2=EXP(-BEC1) 49
717 C3AL=ALPHA*C1**2 50

IF (C3AL.LT.10.E12) GO TO 718 51
C3=0.0 52
GO TO 719 53

718 C3=EXP(-C3AL) 54
719 CONTINUE 55

T1=(BPR*EO*RHOO)/EE+8IGAPR*MU*C2 56
T2=2.*ALPHA*C1*(RHOSTR/(RHRHOO**2)) 57



T3=BPR*EO/EE 58
T4=42.*EOI/IESTAR*ETA**2*EE) 59
T4=T3*T4 60
T5=(BIGAPR*C2)/RHOSTR 61
T6=IBIGAPR*MU*BETA*RHOSTR*C2)/(RHOO**2) 62
T7= BPR*RHOO ) /EE 63
PGRHO=APR*EO+C3*(T1*T2+T3+T4+T5+T6) 64
PGE=APR*RHOO+C3*(T7-T7*(EO/(ESTARETA**2*EE))) 65
BIGG=PO2-APR*EO*RHOO-TI*C3 66
CHECK=O 67
GO TO 725 68

720 T1=APR+BPR/EE 69
T2=(BPR*EO)/(ESTAR*ETA**2*EE**2) 70
BIGG=PO2-TI*EO*RHOO-BIGAPR*MU-BIGBPR*MU**2 71
PGRHO=TI~EO+BIGAPR/RHOSTR+2.*BIGBPR*MU/RHOSTR+T2*2.*EO 72
PGRHO=-PGRHO 73
PGE=TI*RHOO-RHOO*T2 74
PGE=-PGE 75
CHECK=1 76

725 CONTINUE 77
870 CONTINUE 78

RETURN 79
DEBUG SUBCHK
END 80
SUBROUTINE SOUT2 1

C 2
C PRINTS 6 LINES OF DISCONTINUITY AT TO 3
C 4

COMMON CASEID(14),ITS1,ITS2,ITS31ITS4,ITI11lTI2ITIT 4,EPS1,EPS 5
12,EPS3,EPS4,EPS5,EPS6,EPI1,EPI2,EPI3EPI4,EPI5,EPI6,EPI7TVPARLEN 6
IGTHAPRAPRP GAPRBIGBPRtESTARALPHAETARHOSTREPRSRHOS 7
COMMON XMESHi20,20,6),XMESH2(20,20,6),ZI20))R(20)OSURF(15,8),SURF2 8
1(159,8),TAB(15914,2),TA82(15,14,2),SPART(15,2,2),RARF(15,11),RARF2( 9
115,4),RPART(15,2) 10

C 11
C 12

9o



COMMON ZOROPOUO,VOtLOMORHOOtEOAOUBAROVBARO 13
C 14

COMMON NPNTtNRNItNDELISUB 15
C 16

COMMON ZMINZMAXRMINRMAXRADIUStGZGRDELTAH 17
COMMON DIRCOS 18
COMMON TIME 19
COMMON IRARF 20
COMMON KSTOP 21
COMMON TPSI 22
COMMON KKK 23
REAL LO,MOLENGTHMUKO 24

C 25
4 FORMAT (///30H CURVES OF DISCONTINUITY AT TO//40X20H--PROJECTILE S 26

1HOCK--//) 27
6 FORMAT (//35X29H--PROJECTILE PARTICLE CURVE--//) 28
8 FORMAT (//42X16H--TARGET SHOCK--//) 29
10 FORMAT (//38X25H--TARGET PARTICLE CURVE--//) 30
12 FORMAT (//42XlSH--RAREFACTION--//) 31
14 FORMAT (//35X30H--RAREFACTION PARTICLE CURVE--//) 32
16 FORMAT (7X1HZ9X1HR19X1HP19XX1HU19XIHV/7X3HRH17X1HE19X1HA19X1HL19X 33

11HM//) 34
18 FORMAT (7X1HZ19X1HR//) 35
20 FORMAT (7XIHZ19X1HR19XlHL19X1HM//) 36
30 FORMAT (5E20.8/5E20.8//) 37
35 FORMAT (2E20.8) 38
38 FORMAT (4E20.8) 39
39 FORMAT (//35X16H--FREE SURFACE--//) 40
40 FORMAT (1H1) 41

WRITE (3,4) 42
WRITE (3,16) 43
WRITE (3,30) ((TAB2(IJl),J=1,10),I=1,NP) 44
WRITE (3,6) 45
WRITE (3,18) 46
WRITE (3,35) ((SPART(IJ,1),J=1I,2)1I=1NP) 47
WRITE (3,8) 48
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WRITE (3,16) 49
WRITE (3,30) ((TAB2(IJ,2),J=1,10)qI=1,NT) 50
WRITE (3,10) 51
WRITE (3,18) 52
WRITE (3,35) ((SPART(I,J,2),J=l,2),=1,NT) 53
WRITE (3,12) 54
WRITE (3,20) 55
WRITE (3,38) ((RARF2(IJ),J=1,4)t=1,NR) 56
WRITE (3,14) 57
WRITE (3,39) 58
WRITE (3,35) ((SURF2(I,J),J=1,2),I=1,NP) 59
WRITE (3,40) 60
RETURN 61
DEBUG SUBCHK
END 62
SUBROUTINE SOUT 1

C 2
C PRINTS 4 LINES OF DISCONTINUITY AT TO-H 3
C 4

COMMON CASEID(14)GITS1,ITS2,ITS3,ITS4,ITItIT12,ITI3,1TI4,EPS1,EPS 5

12,EPS3,EPS4,EPS5SEPS6,EPI1,EPI2,EPI3,EPI4,EPI5,EPI6,EPI7,VPtARLEN 6
1GTHtAPR,BPRBIGAPRtBIGBPRtESTARALPHABETARHOSTREPRSRHOS 7
COMMON XMESH(20,20,6),XMESH2(20O20,6),Z(20),R(20),SURF(15,8),SURF2 8
1(15,8),TAB(15,14,2),TAB2(15,14,2),SPART(15,2,2) .RARF(15,11),RARF2( 9

115,4),RPART(15,2) 10
C 11
C 12

COMMON ZORO,POUOVOtLOMORHOO,EO,AO,UBARO,VBARO 13
C 14

COMMON NPNTNRNINDELISUB 15
C 16

COMMON ZMINZMAXRMINRMAXRADIUSGZGRDELTA,H 17
COMMON DIRCOS 18
COMMON TIME 19
COMMON IRARF 20
COMMON KSTOP 21
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COMMON TPSI 22
COMMON KKK 23
REAL LO,MOLENGTHMU9KO 24

C 25
4 FORMAT (///32H CURVES OF DISCONTINUITY AT TO-H//40X20H--PROJECTILE 26

1 SHOCK--//) 27
6 FORMAT (//42X16H--TARGET SHOCK--//) 28
8 FORMAT (//42X15H--RAREFACTION--//) 29
10 FORMAT (7XIHZ19XIHR19X1HP19X1HU19X1HV/7X3HRH017X1HE19XlHA19XIHL19X 30

11HM//) 31
15 FORMAT (5E20.8/5E20.8//) 32
18 FORMAT (1HI) 33
21 FORMAT (//35X16H--FREE SURFACE--//) 34
25 FORMAT (2E20.8) 35

WRITE (3,4) 36
WRITE (3,101 37
WRITE (3,15) ((TAB(ItJl1),J=1,10),I=1,NP) 38
WRITE (3,6) 39
WRITE (3,10) 40
WRITE (3,15) ((TAB(I,J2),J=1,tlO)I=1,NT) 41
WRITE (3,8) 42
WRITE (3,10) 43
WRITE (3,15) ((RARF(I,J),J=1,10),I=1,NR) 44
WRITE (3,21) 45
WRITE (3,25) ((SURF(IJ)tJ=1,2),I=1,NP) 46
WRITE (3,18) 47
RETURN 48
DEBUG SUBCHK
END 49
SUBROUTINE PRINT(BL,ZTABRTABKKPHINMAXMMAX)

C SUBROUTINE PRINT(BLZTABvRTABKK)
DOUBLE PRECISION XS(20),RU(20),ZU(20,20,6),UU(20),W(20),
1ZCOMP(20,20,6),PHI(2020,t6),CETA(2020),DENCtPOLY

C PRINTS INTERIOR REGION 2
C 3

COMMON CASEID(14),ITSl ITS2,ITS3,IT4ITSITI1IT12,IT13tITI4,EPS1,EPS 4

'93



12 9EPS 3 ,EPS 4 ,EPS5,EPS6,EPI1 PI2,EPI2, EP4,IEPI5,EPI6,EPIT,VPARLEN 5

LGTHtAPRBPR,BIGAPRBIGBPRtESTARALPHABETARHOSTREPRSRHOS 6

COMMON XMESH(20,20,6),XMESH2(20,20,6)tZ(20),R(20),SURF(15,8),SURF2 7

1(15,8),TAB(15,14,2),TAB2(15,14,2),SPART(15,2,2),RARF(15,11),RARF2( 
8

115,4),RPART(15,2) 9

C 10

C 11

COMMON ZOROPO,UOVOLOMO,RHOOEOtAOUBAROVBARO 12

C 13

COMMON NPNTNRNI,NDELISUB 14

C 15

COMMON ZMINZMAXRMINRMAXRADIUSGZGRDELTAH 16

COMMON DIRCOS 17

COMMON TIME 18

COMMON IRARF 19

COMMON KSTOP 20

COMMON TPSI 21

COMMON KKK 22

REAL LO,MOLENGTHMU,KO 23

C 
24

DIMENSION BL(20,20,6),ZTAB(20),RTAB(20) 25

C 26

TSSS 1.1
M=O
N=O
00 15 I=1,20 27

00 15 J=1,20 28

IF (ABS(BL(IJ,1l)+ABS(BLI,J,2))+ABS(BL(IJ,3))) 20,15,20 29

15 CONTINUE 30

WRITE (3,18) 31

18 FORMAT (15HITABLES ALL = 0/1HI) 32

CALL EXIT 33

20 I1= 34

DO 30 1=11,20 35

IF (ABS(BLItlll))+ABS(BL(I,1,2))+ABS(BL(I,1,
3 ))) 30,22,30 36

22 00 25 J=1,20 37



IF (ABS(BL(IJ,1))+ABS(BL(IIJ,2))+ABS(BL(IJ,3))) 30,25,30 38
25 CONTINUE 39

12=1-1 40
GO TO 35 41

30 CONTINUE 42
12=20 43

35 DO 45 J=1,20 44
IF (ABS(BL(I1,Jl))+ABSIBL(I1,J,2))+ABS(BL(IlJ,3))) 45,37,45 45

37 DO 40 1=11,2 46
IF (ABS(BL(I,Jtl))+ABS(BL(J2))+ABS(BL( J,3))) 45,40,45 47

40 CONTINUE 48
J2=J-1 49
GO TO 50 50

45 CONTINUE 51
J2=20 52

50 J1=1 53
C 54
C PRINT TABLE 55
C 56

GO TO (52,56),KK 57
52 WRITE (3,53) 58
53 FORMAT (//24HOINTERIOR REGION AT TO-H///) 59

GO TO 62 60
56 WRITE (3,57) 61
57 FORMAT (//22HOINTERIOR REGION AT TO///) 62
62 00 70 1=11,12 63

WRITE (3,64) ZTAB(I) 64
64 FORMAT (///7HOZTAB =,F0.4//7XHR9X1HP7U17XHU17XHV17X3HRH015XlHE17 65

1X1HA//) 66
M=M+1
XS(M)=ZTAB(I)
UU(M)=1.0
00 69 J=J1,J2 67
WRITE (3,68) RTAB(J),(BL(I,JK),KzI,6) 68
N=N+1
RU(N)=RTAB(J)



WW(N)=1.O
DO 156 IK=1,6

C ZU(M,N)=BL(I,J,4)
C ZZ(M,N)=BL(I,J11)

156 ZU(MNIK)=BL(I,JtIK)
68 FORMAT (F12.4,6E18.8) 69

69 CONTINUE 70
MMAX=N
N=O

70 CONTINUE 71
NMAX=M

C IF(TIME.LT.TSSS) GO TO 80
333 IMAX=I2+1-I1

JMAX=J2+1-J1
CALL SURFIT(XS,UURU,WWZU,NMAX,MMAXIMAX,JMAX,CETA,PHIZCOMP,
ISQDtSQDCSDCDFC)
WRITE(3100)

100 FORMAT(' *** 1)
00 88 IK=1,6
DO 48 I=1,IMAX
00 48 J=1,JMAX
DENC=O.DO
00 43 IS=I,NMAX
K=NMAX-IS+1
POLY=PHI(K,MMAX,IK)
IF(MMAX-1)43,43,46

46 00 42 IT=29MMAX
L=MMAX-IT+1

42 POLY=POLY*RU(J)+PHI(KoLIK)
43 DENC=DENC*XS(I)+POLY

ZCOMP(IJIK)=DENC
48 CONTINUE
88 CONTINUE

80 WRITE (3,82) 72

82 FORMAT (1H1) 73

RETURN 74



DEBUG SUBCHK
END 75
SUBROUTINE NRIT2(X,YXODXYODYEXEYFGOFITKODE,
1PHINMAXMMAX)

C SUBROUTINE NRIT2(XYXOtDXYODYEXtEYFGOFtITKODE) 1
C 2
C NEWTON-RAPHSON METHOD FOR SOLUTION OF 3
C TWO NON LINEAR EQUATIONS IN TWO UNKNOWNS 4
C 5

COMMON CASEID(14),ITS1,lTS2,ITS3,ITS4tITI,1lTI2,TI3,ITI4,EPS1,EPS 6
12,EPS3,EPS4,EPS5,EPS6,EPIIEPI2,EPI3,EPI4,EPI5,EPI6,EPITVPARLEN 7
1GTHAPRBPRBIGAPRBIGBPRESTARALPHABETARHOSTREPRSvRHOS 8
COMMON XMESH(20,20,6),XMESH2(20,20,6)tZ(20),R(20),SURF(15,8)tSURF2 9
1(15,8),TAB(15,14,2),TAB2(15,1i4,2)SPART(152,,2),RARF(15,11),RARF2( 10
115,4),RPART(15,2) 11

C 12
C 13

COMMON ZOROPOUOVOLOtMORHOOEO,AOUBAROVBARO 14
C 15

COMMON NPNTNRNItNDELISUB 16
C 17

COMMON ZMINtZMAXtRMINRMAXRADIUSGZGRvDELTAH 18
COMMON DIRCOS 19
COMMON TIME 20
COMMON IRARF 21
COMMON KSTOP 22
COMMON TPSI 23
COMMON KKK 24
REAL LO,MOPLENGTHMUKO 25
DOUBLE PRECISION PHI(20,20,6)

C 26
TSSS=1.1
XB=XO 27
YB=YO 28
OXX=DX 29
DYY=DY 30

27



DELXI=O 31
DELY=O0 32
KODE=O 33
CONTINUE 34
DO 50 I=1iIT 35
KK=O 36
XX=XB+DXX 37
YY=YB+DYY 38

C 39
C 40

IF(TIME.LT.TSSS) GO TO 266
CALL FGOF(XBYYtF2,G2,PHI9NMAXMMAX)
CALL FGOF(XXYB,FltG1,PHINMAXMMAX)
CALL FGOF(XBYB,FOvGOPHINMAXtMMAX)
GO TO 267

266 CALL FGOF(XBYYF2,G2)
CALL FGOF(XXYBtFlG1)
CALL FGOF(XBYBFOGO)

267 A1=(F1-FO)/DXX
Bl=(F2-FO)/DYY 45
C1=-FO 46
A2=(G1-GO)/DXX 47
B2=(G2-GO)/DYY 48
C2=-GO 49
DET=A1*82-A2*B1 50
IF (DET.EQ.O.) GO TO 920 51
DELX=(B2*C1-B1*C2)/DET 52
DELY=(AL*C2-A2*C1)/DET 53
IF (ABS(DELX)oGT..001) GO TO 8 54
DELX= 0 . 55

8 IF (ABS(DELY).GT..001) GO TO 9 56
DELY=O. 57

9 CONTINUE 58
SDEL=ABS(DELX+DELX1)+ABS(DELY+DELY1) 59
DELX1=DELX 60
DELYV=DELY 61



C 62
C TEST FOR SAME REGION 63
C 64

DO 10 J=1,IT 65
X81=XB+DELX 66
YB1=YB+DELY 67
IF (YB1.LE.0.)YB1=O. 68
M=COMP(XBYBXBIYB1) 69
IF (M.EQ.1) GO TO 15 70

11 CONTINUE 71
KK=1 72
DELX=.5*DELX 73
DELY=. 5*DELY 74

10 CONTINUE 75
GO TO 930 76

15 IF (ABS(XB-XB1).GT.EX) GO TO 45 77
IF (ABS(YB-YB1).GT.EY) GO TO 45 78
IF (KK.NE.O) GO TO 45 79
X=XB1 80
Y=YB1 81
KODE=0 82
RETURN 83

45 CONTINUE 84
IF (KODE.NE.1) GO TO 46 85
IF (SDEL.GT.EPI1) GO TO 46 86
DELX=.5*DELX 87
DELY= 5*DELY 88
GO TO 9 89

46 XB=XB1 90
YB=YBI 91
DEL=OELTA 92
00 70 N=1,NDEL 93
XB2=XB+DEL 94
M=COMP(XBYB8XB2,YB) 95
IF (M.NE.1) GO TO 55 96
DXX=DEL 97

99'



GO TO 80 9855 XB2=XB-DEL 99
M=COMP(XBYBtXB2,YB) 

100
IF (M.NE.1) GO TO 60 101
DXX=-DEL 102
GO TO 80 10360 DEL=.5*DEL 104

70 CONTINUE 105
GO TO 980 106

80 DEL=DELTA 107
00 100 N=1lNDEL 108
YB82=YB+DEL 109M=COMPIXBtYBXBYB2) 

110
IF (M.NE.1) GO TO 85 111
DYY=DEL 112
GO TO 50 11385 YB2=YB-DEL 114
M=COMP(XB,YBXBYB2) 

115
IF (M.NE.1) GO TO 90 116
DYY=-DEL 117
GO TO 50 118

90 DEL=.5*DEL 119100 CONTINUE 120
GO TO 990 121

50 CONTINUE 122
X=X81 123
Y=YB1 124
IF (KOOE.EQ.1) RETURN 125
KODE=1 126
GO TO 1 127

920 WRITE (3,922) I 128
922 FORMAT (46HODETERMINANT IS 0 IN SUBR. NRIT2 FOR ITERATION,I4) 129

GO TO 950 130
930. KODE=2 131

RETURN 132
950 WRITE (3,952) XO,YOXBvYBXB1lYBIDELX,DELY 133



952 FORMAT (1X5HZO =qE15.8,4X5HRO =,E15.8/IX5HZB =tE15.8,4X5HRB = 134
1E15.8/1XSHZBI =,E15.8,4X5HRB1 =,E15.8/1X5HDELZ=E15.8,4X5HDELR=,El 135
15.8/1Hl) 136
CALL EXIT 137
RETURN 138

980 KODE=3 139
RETURN 140

990 KODE=4 141
RETURN 142
DEBUG SUBCHK
END 143
FUNCTION COMP(ZP,RPZPlRP1) 1

C 2
C DETERMINES IF 2 POINTS ARE IN THE SAME REGION 3

COMMON CASEID(14),ITS1,ITS2,ITS3,ITS4,ITI1,1TI2,IT13,ITI4,EPS1,EPS 4
12,EPS3,EPS4,EPS5,EPS6,EPI PI2,EP13E4PEPI5,EPI6,EPI7,VPARLEN 5
1GTHtAPRPRBIGAPRBIGBPRESTARALPHABETARHOSTREPRSRHOS 6
COMMON XMESH(2020,6),XMESH2(20206),Z(20),R(20),SURF(15,8),SURF2 7

1(15,8),TAB(15914,2),TAB2(15,14,2)tSPART(15,22)tRARF(15,11),RARF2( 8

115,4),RPART(15,2) 9
C 10

COMMON ZOtROtPOUOtVOtLOtMOtRHOOEOAOtUBAROVBARO 11
C 12

COMMON NPNTNRtNINDELlISUB 13
C 14

COMMON ZMINZMAX,RMINRMAXRADIUSGZGRDELTAH 15
COMMON DIRCOS 16
COMMON TIME 17
COMMON IRARF 18
COMMON KSTOP 19
COMMON TPSI 20
COMMON KKK 21
REAL LOMOLENGTHMUvKO 22
EPS=.0000001 23
IF (RP1.LT.O.) GO TO 80 24
IF (ZP1.GE.O.) GO TO 4 25

A/



IF (RP1.GT.RADIUSI GO TO 80 26
C 27
C FIND CONTROL CONSTANTS FOR ZPRP 28
C 29
4 CONTINUE 30

IF (ITS3.EQ.1) GO TO 33 31
IF (IRARF.EQ.1) GO TO 13 32
M=PICK(ZPRP 3). 33
IF (ZP.GT.RARF(MIl).AND.M.NE.1)M=M-1 34
FF=RP-RARF(MI,-2)-(RARF(M,2)-RARF(M+1,2))*(ZP-RARF(M+1,1))/(RARF(M 35

1,1)-RARF(M+1,1)) 36
IF (FF.LT.0.) GO TO 11 37

10 NN=1 313
GO TO 13 39

11 NN=O 40
13 CONTINUE 41

00 22 K=1,2 42
M=PICK(ZP1,RP1,K) 43
IF (RP1.LT.TAB(M,2,K).AND.M.NE.1)M=M-1 44

5 CONTINUE 45
FF=ZP1-TAB(M+1,lK)-(TAB(M,1,K)-TAB(M+1,1,K) )*(RP-TAB(M+1,2,K))/( 46
1TAB(NM2,K)-TAB(M+1,2,K)) 47
IF (K.EQ.2) GO TO 17 48
IF (RPI.GT.RADIUS) GO TO 21 49
IF (FF.LT.-EPS) GO TO 90 50
GO TO 21 51

17 IF (FF.GT.EPS) GO TO 100 52
21 IF (RP.GT.RADIUS) GO TO 22 53

M=PICK(ZP1,RP1,4) 54
FF=ZPI-SURF(M+1,1)-(SURF(M,1)-SURF(M+1,1))*(RP1-SURF(M+1,2))/(SURF 55

1(M,2)-SURF(M+1,2)) 56
IF (FF) 80,22,22 57

22 CONTINUE 58
IF (IRARF.EQ.1) GO TO 33 59
M=PICK(ZP1,RP1,3) 60
IF (ZP1.GT.RARF(M,1).AND.M.NE.1)M=M-1 61
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FF=RPI-RARF(M+1,2)-(RARF(M21)-RARF(M+1,2))*(ZP1-RARFIM+1,1))/(RARF 62
1(Mpl)-RARF(M+1,1)) 63
IF (FF.LT.O.) GO TO 31 64

30 NN1= 65
GO TO 32 66

31 NNI=0 67
32 IF (NN1.NE.NN) GO TO 110 68
33 CONTINUE 69

COMP=1 70
COMP=COMP+.2 71
RETURN 72

80 COMP=2 73
COMP=COMP+.2 74
RETURN 75

90 COMP=3. 76
COMP=COMP+.2 77
RETURN 78

100 COMP=4. 79
COMP=COMP+..2 80
RETURN 81

110 COMP=5. 82
COMP=COMP+.2 83
RETURN 84
DEBUG SUBCHK
END 85
FUNCTION PICK(ZPRPKODE) 1

C 2
C DETERMINES 2 CLOSEST CONSECUTIVE POINTS ON SPECIFIED 3
C LINE OF DISCONTINUITY TO A GIVEN POINT 4
C 5

COMMON CASEID(14),ITSIITS2,ITS3,ITS4IT,ITIIT12,ITI3,IT4,EPS1,EPS 6
12,EPS3,EPS4, EPSS,EPS6,EPILEPI2,EPI3,EPI4,EPI5,EPI6,EPITVPARLEN 7
IGTHAPR,BPRBIGAPRBIGBPRESTARALPHABETARHOSTREPRS,RHOS 8
COMMON XMESH(20,20,6),XMESH2(20,20,6),Z(20),R(20)tSURF(15,8),SURF2 9
1(15,8),TAB(15,l4,2),TAB2(15,14,2),SPART(15t,22),RARF(15,11),RARF2( 10
115,4),RPART(15,2) 11



C 12

C 13
COMMON ZO0ROPOUOtVOILOMOtRHOOtEOtAOtUBAROVBARO 14

C 15
COMMON NPtNTNRNINDELISUB 16

C 17
COMMON ZMINZMAXtRMINRMAXtRADIUS,GZtGRDELTAH 18
COMMON DIRCOS 19
COMMON TIME 20
COMMON IRARF 21
COMMON KSTOP 22
COMMON TPSI 23
COMMON KKK 24
REAL LOMOLENGTHMUKO 25

C 26
GO TO (5,10,100,300),KODE 27

5 NN=NP 28
K=1 29
GO TO 15 30

10 NN=NT 31
K=2 32

15 AA=(TAB(1,1,K)-ZP)**2+(TAB(1,2,K)-RP)**2 33
C 34
C SEARCH SHOCK TABLES 35
C 36

00 60 N=2,NN 37
A=(TAB(N,1,K)-ZP)**2+(TAB(N,2,K)-RP)**2 38
IF (A.GE.AA) GO TO 23 39
AA=A 40

60 CONTINUE 41
PICK=NN-1 42
PICK=PICK+.2 43
RETURN 44

23 PICK=N-1 45
PICK=PICK+.2 46
RETURN 47



100 AA=(RARF(,1)-ZP)*.*2+(RARF(1,2)-RP)**2 48
C 49
C SEARCH RAREFACTION TABLE 50
C 51

DO 200 N=2,NR 52
A=(RARF(N,1)-ZP)**2+(RARF(N,2)-RP)**2 53
IF (A.GE.AA) GO TO 203 54
AA=A 55

200 CONTINUE 56
PICK=NR-1 57
PICK=PICK+.2 58
RETURN 59

203 PICK=N-1 60
PICK=PICK+.2 61
RETURN 62

300 AA=(SURF(1,1)-ZP)**2+(SURF(1,2)-RP)**2 63
C 64
C SEARCH FREE SURFACE TABLE 65
C 66

DO 400 N=2,NP 67
A=(SURF(N,1)-ZP)**2+(SURF(Nt21-RP)**2 68
IF (A.GE.AA) GO TO 303 69
AA=A 70

400. CONTINUE 71
PICK=NP-1 72
PICK=PICK+.2 73
RETURN 74

303 PICK=N-1 75
PICK=PICK+.2 76

304 CONTINUE 77
RETURN 78
DEBUG SUBCHK
END 79
SUBROUTINE GUESS(KOD1,KOD2,ZPRP, 2K2,ZGtRGDZDR) 1

C 2
C DETERMINES STARTING POINT AND DELTAS 3

/65



C FOR NEWTON-RAPHSON ITERATION 
4

C 
5

COMMON CASEID(14),ITS1,ITS2,ITS3,ITS4,ITIltITI2,ITI3,ITI4,EPSlEPS 
6

12,EPS3,EPS4,EPS5,EPS6,EPILEPI2EP3EP3EPI4,EPIEPI6,EPITVPARtLEN 
7

1GTHAPRBPRBIGAPRBIGBPRESTARALPHAtBETARHOSTREPRSRHOS 
8

COMMON XMESH(20,20,6)XMESH2(2O,206),vZ20)tR(20)1SURF(
1 59 8 ) SURF2 9

1(158)TAB5(15142)TAB2(15i142)vSPART(1522),RARF(1511),RARF2( 
10

115,4),RPART(15,2) 12
C 12

C 13

COMMON ZOROtPOtUOtVOL.O0MORHOOtEOAOUBARO,VBARO 14

C 
15

COMMON NPNTNRNINDELISUB 16

C 
17

COMMON ZMINZMAXRMINRMAXRADIUSGZGRDELTAtH 18

COMMON DIRCOS 
19

COMMON TIME 21

COMMON IRARF 22

COMMON KSTOP 
22

COMMON TPSI 23

COMMON KKK 24

REAL LO,MOLENGTHMUKO 25
26

C 27
KS=O 28

IF (KOD1.EQ.2) GO TO 10 28

ZG=TAB(121,K2) 29

RG=TAB(I2,2,K2) 
30

IF (IRARF.EQ.1) GO TO 9 31

2 M=I-(NR-2)*(K2-2) 32

FF=RG-RARF(M+1,2)-(RARF(Mt2)-RARF(M+1,
2 ))*(ZG-RARF(M+1,1) /(RARF(M 33

11)-RARF(M+1,1)) 34

IF (FF.GT.O.) GO TO 9 35

ZG=(1.-.02/(RADIUS-RG))*ZG 36

RG=RG+.02 
37

IF (RG.GT.(RADIUS-.01)) GO TO 110 38

GO TO 2 
39



9 CONTINUE 40
GO TO 50 41

10 JJJ=NT-1 42
IF (ITS3.EQ.1) GO TO 26 43
00 24 M=1,JJJ 44
IF (RP.GT.TAB(M+1,2,2).OR.RP.LT.TAB(M,2,2)) GO TO 24 45
GO TO 25 46

24 CONTINUE 47
25 CONTINUE 48

FF=ZP-TAB(M+1l1 2)-(TAB(Mtl,2)-TAB(M+1,1,2))*(RP-TAB(M+12,2) )/(TA 49
1B(M,2,2)-TAB(M+1,2,2)) 50
IF (FF.GT.O.) GO TO 20 51

26 CONTINUE 52
ZG=ZP 53
RG=RP 54
GO TO 50 55

20 IK=M 56
M=CROSS(TAB(IKl1,2),TAB(IK,2,2),TAB(IK+11,2),TAB(IK+1,2,2),0.,0., 57
IZPRP ZGtRG) 58
GO TO (50,920,930),M 59

C 60
C COMPUTE DELTAS 61
C 62
50 DEL=DELTA 63
C 64
C Z DELTA 65
C 66

LL=O 67
52 00 70 N=1,NDEL 68

ZZ=ZG+DEL 69
M=COMP(ZGRGiZZRG) 70
IF (M.NE.1) GO TO 55 71
DZ=DEL 72
GO TO 80 73

55 ZZ=ZG-DEL 74
M=COMP(ZGRGZZRG) 75



IF (M.NE.1) GO TO 60 76

DZ=-DEL 78
GO TO 80 79

60 DEL=.5*DEL 
79

70 CONTINUE 80
LL=LL+ 

81

IF (LL.EQ.3) GO TO 75 82

RG=RG-DELTA/5. 83
DEL=DELTA 84
GO TO 52 85

75 KOD2=2 
86

RETURN 87

80 DEL=DELTA 89

IF (KS.EQ.1) GO TO 120 90

C 
91

C R DELTA 92

C 
93

LL=O 93

82 DO 100 N=1,NDEL 95

RR=RG+DEL 96

M=COMP(ZG,RG,ZG,RR) 96

IF (M.NE.1) GO TO 85 97

DR=DEL 99

IF (KS.EQ.1) GO TO 50 100

GO TO 120 
100

85 RR=RG-DEL 
101

M=COMP(ZG,RG,ZG,RR) 
102

IF (M.NE.1) GO TO 90 
103

DR=-DEL 
104

IF (KS.EQ.1) GO TO 50 
105

GO TO 120 
106

90 DEL=.5*DEL 
107

100 CONTINUE 
108

108 CONTINUE 
109

LL=LL+1 
110

FLL=LL 111



IF (LL.EQ.5) GO TO 110 112
C 113
104 ZG1=ZG+DELTA/5.*FLL*(-1.)**LL 114

M=COMP(ZGRGZGI,RG) 115
ZG=ZG1 116
IF (M.NE.1) GO TO 108 117
KS=1 118
GO TO 82 119

110 KOD2=2 120
RETURN 121

120 K002=1 122
RETURN 123

920 WRITE (3,922) 124
922 FORMAT (42HOERROR FOR COINCIDENT LINES IN SUBR. GUESS) 125

GO TO 950 126
C 127
930 WRITE (39932) 128
932 FORMAT (40HOERROR FOR PARALLEL LINES IN SUBR. GUESS) 129
C 130
950 WRITE (3,952) KOD1,I2tK2,ZP,RP 131
952 FORMAT (1X5HKODI=,14,4X3HI2=,I4,4X3HK2=t,4/1X3HZP=,E15.8,4X3HRP=,E 132

115.8/1H1) 133
XYZ=-2. 134
ZYX=SQRT(XYZ) 135
CALL EXIT 136
RETURN 137
END 138
FUNCTION CROSS(X1,Y1,X2,Y2,X3,Y3X4,Y4,XY) 1

C 2
C FINDS INTERSECTION OF TWO STRAIGHT LINES 3
C 4

EPS=.0000001 5
A=Y2-Y1 .6
81=Xl-X2 7
C1=XI*AI+Y1*B1 8
A2=Y4-Y3 9



82=X3-X4 10

C2=X3*A2+Y3*B2 11
DET=Al*B2-A2*B1 12

OI=C1*B2-C2*81 13
D2=A1*C2-A2*CI 14

IF (ABS(DET).LE.EPS) GO TO 10 15

X=Dl/DET 16

Y=D2/DET 17

CROSS=1 18

CROSS=CROSS+.2 19
RETURN 20

10 IF (ABS(D1).GT.EPS) GO TO 20 21

IF (ABS(D2).LE.EPS) GO TO 30 22

20 CROSS=3 23

CROSS=CROSS+.2 24

RETURN 25

30 X=X1 26

Y=YI 27

CROSS=2 28

CROSS=CROSS+.2 29

316 CONTINUE 30

RETURN 31

DEBUG SUBCHK
END 32

FUNCTION PART(MODEZPRPZXRXDELTANDEL) 1

C 2

C LOCATES A POINT IN THE SAME REGION AS A GIVEN POINT 3

C TO BE USED IN COMPUTING A PARTIAL 4

C MODE=1,WITH RESPECT TO R 5

C MODE=2,WITH RESPECT TO Z 6

C 7

GO TO (2,4)MrHODE 8

2 DR=DELTA
DZ=O. 10

GO TO 8 11

4 DR=O. 12
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DZ=DELTA 13
8 DO 50 NN=1,NDEL 14

RR=RP+DR 15
ZZ=ZP+DZ 16
M=COMP( ZPRPZZRR) 17
IF (M.EQ.I) GO TO 60 18
RR=RP-DR 19
ZZ=ZP-DZ 20
M=COMP(ZPRPZZtRR) 21
IF (M.EQ.1) GO TO 60 22
DZ=DZ*.5 23
DR=DR*.5 24

50 CONTINUE 25
PART=2 26
PART=PART+.2 27
RETURN 28

60 ZX=ZZ 29
RX=RR 30
PART=1 31
PART=PART+.2 32
RETURN 33
DEBUG SUBCHK
END 34
FUNCTION PICK2(ZPRPKODE) 1

C 2
C DETERMINES 2 CLOSEST CONSECUTIVE POINTS ON SPECIFIED 3
C LINE OF DISCONTINUITY TO A GIVEN POINT 4

COMMON CASEID(14),ITS1,ITS2,ITS3,ITS4,ITI9ITI2,ITI3lTI4,EPS1,EPS 5
12,EPS3,EPS4,EPS5,EPS6,EPI1,EPI2,EPI3,EPI4,EPI5,EPI6,EPITVPARLEN 6
IGTHAPRBPR PR,BIGBPRESTARALPHABETARHOSTR,EPRSRHOS 7
COMMON XMESH(20,20,6),XMESH2(20,20,6),l(20),R(20),SURF(15,8),SURF2 8
1(15,8),TAB(15,14,2),TAB2(15,14,2),SPART(15,2,2),RARF(15,11),RARF2( 9
115,4),RPART(15,2) 10

C 11
COMMON ZO,RO,POUOVOLOMORHOOEO,AOUBAROVBARO 12
COMMON NPNT,NRNINDELISUB 13



C 14
COMMON ZMINt ZMAXRMINtRMAXtRADIUStGZGRtDELTAH 15

COMMON DIRCOS 16
COMMON TIME 17
COMMON IRARF 18
COMMON KSTOP 19
COMMON TPSI 20
COMMON KKK 21
REAL LO,MOLENGTHtMUqKO 22

C 23
GO TO (510,100,205t210,300500),KODE 24

5 NN=NP 25
K=1 26
GO TO 15 27

10 NN=NT 28
K=2  29

15 AA=(TAB2(1,K)-ZP )*2+(TAB2(1,2,K)-RP)**2 30
C 31
C SEARCH SHOCK TABLES 32
C 33

DO 60 N=2,NN 34
A=(TAB2(N,1,K)-ZP)**2+(TAB2(N,2,K)-RP)**2 35

IF (A.GE.AA) GO TO 23 36
AA=A 37

60 CONTINUE 38
PICK2=NN-1 39
PICK2=PICK2+.2 40

RETURN 41

23 PICK2=N-1 42
PICK2=PICK2+.2 43
RETURN 44

100 AA= (RARF2 ( 1 )-ZP)**2+(RARF2 ( 2)-RP)**2 45

C 46

C SEARCH RAREFACTION TABLE 47
C 48

DO 200 N=2,NR 49



A=(RARF2(N,1)-ZP)**2+(RARF2(Nt2)-RP)**2 50
IF (A.GE.AA) GO TO 203 51
AA=A 52

200 CONTINUE 53
PICK2=NR-1 54
PICKZ=PICK2+.2 55
RETURN 56

203 PICK2=N-1 57
PICK2=PICK2+,.2 58
RETURN 59

205 NN=NP 60
K=1 61
GO TO 215 62

210 NN=NT 63
K=2 o 64

215 AA=(SPART( 1,1,K)-ZP)**2+(SPART(1,2,K)-RP)i*2 65
C 66
C SEARCH SHOCK PARTICLE TABLES 67
C 68

DO0 260 N=2,NN 69
A=(SPART(NltK)-ZP)**2+(SPART(N,2,K)-RP)**2 70
IF (A.GE.AA) GO TO 223 71
AA=A 72

260 CONTINUE 73
PICK2=NN-1 74
PICK2=PICK2+.2 75
RETURN, 76

223 PICK2=N-1 77
PICK2=PICK2+.2 78
RETURN 79

300 AA= (RPART ( 1 1)-ZP ) 2+(RPART( 1 2)-RP) 2 80
C 81
C SEARCH RAREFACTION PARTICLE TABLE 82
C 83

00 400 N=2,NR 84
A=(RPART(N,1)-ZP)**2+(RPART(N,2)-RP)**2 " 85

113



IF (A.GE.AA) GO TO 403 86
AA=A 87

400 CONTINUE 88
PICK2=NR-1 89
PICK2=PICK2+.2 90
RETURN 91

403 PICK2=N-1 92
PICK2=PICK2+.2 93
RETURN 94

500 AA=(SURF2(1,1)-ZP)**2+(SURF20(12)-RP)**2 95
C 96
C SEARCH FREE SURFACE TABLE 97
C 98

DO 520 N=2tNP 99
A=(SURF2(N 1 )-ZP)**2+( SURF2N21-RP)**2 100
IF (A.GE.AA) GO TO 523 101
AA=A 102

520 CONTINUE 103
PICK2=NP-1 104
PICK2=PICK2+.2 105
RETURN 106

523 PICK2=N-1 107
PICK2=PICK2+.2 108
RETURN 109
DEBUG SUBCHK
END 110
FUNCTION TEST(ZPRP) 1

C 2
C 3
C DETERMINES IF A GIVEN INTERIOR POINT IS IN 4
C THE REGION TO BE CONSIDERED 5
C 6

COMMON CASEID(14),ITSlITS2,ITS3,ITS4,ITIlITI12ITI3,ITI4,EPS1,EPS 7
12,EPS3,EPS4,EPS5,EPS6,EPI1lEPI2,EP13,EPI4,EPISEPI6,EPI7TVPtARLEN 8
1GTHAPRBBPRBIGAPR,BIGBPRESTARtALPHABETAtRHOSTREPRSRHOS 9
COMMON XMESH(20920,6),XMESH2(20920,6),Z(20),R(20),SURF(15,8)tSURF2 10



1(158),TAB159b142),TAB2(15,14,2)tSPART(15t292tRARF(15,11),RARF2( 11
115,4),RPART(15,2) 12

C 13
C 14

COMMON ZOROPOUOtVOtLOtMOtRHOOEOAOUBAROVBARO 15
C 16

COMMON NPNTNRNINDELISUB 17
C 18

COMMON ZMINtZMAXRMINRMAXtRADIUSGZtGRDELTAH 19
COMMON DIRCOS 20
COMMON TIME 21
COMMON IRARF 22
COMMON KSTOP 23
COMMON TPSI 24
COMMON KKK 25
REAL LOtMOLENGTHMUKO 26

C 27
EPS=.0001 28
IF (ITS3.EQ.1) GO TO 5 29
IF (RP.GT.(RADIUS+EPS)) GO TO 5 30
M=PICK2(ZPRP,7) 31
FF=ZP-SURF2(M+1 11-( 2MSUR(M -SURF2(M+11)*(RP-SURF2(M2))/(SURF 32
12(Mt2)-SURF2(M+1,2)) 33
KICK=5 34
CALL DVCHK(KQ) 35
IF (KQ.EQ.1) GO TO 9980 36
IF (FF) 200,5,5 37

5 CONTINUE 38
IF (ZP.GT.-EPS) GO TO 1 39
IF (RP.GT.(RADIUS+EPSI) GO TO 200 40

1 DO 10 K=1.2 461
IF (ITS3.EQ.1) GO TO 100 42
M=PICK2(ZPRPK) 43
IF (TA82(M92,K).GT.RP.AND.M.NE.1)M=M-1 44
FF=ZP-TAB2(M+1,1,K)-(TAB2(Mt1K)-TAB2(M+1,1,K))*(RP-TAB2(M+1,2,K)) 45

1/(TAB2(M,2,K)-TAB2(M+1,2,K)) 46

K6S



KICK=50 47
CALL DVCHK(KQ) 48
IF (KQ.EQ.1) GO TO 9980 49
IF (K.EQ.2) GO TO 50 50
IF (RP.GT.RADIUS) GO TO 10 51
IF (FF) 200,10,10 52

50 IF (FF) 10,10,200 53
10 CONTINUE 54

DO 20 K=1,2 55
J=K+3 56
M=PICK2(ZP,RP,J) 57
IF (SPART(M,2,K).GT.RP.AND.M.NE.1)M=M-1 58
FF=ZP-SPART(M+1,1,K)-(SPART(M1,K)-SPARTM+1,1,K))*(RP-SPART(M+1,2 59
1,K))/(SPART(M,2,K)-SPART(M+1,2,K)) 60
KICK=15 61
CALL DVCHK(KQ) 62
IF (KQ.EO.1) GO TO 9980 63
IF (K.EQ.2) GO TO 15 64
IF (RP.GT.RADIUS) GO TO 20 65
IF (FF.LT..001) GO TO 300 66
GO TO 20 67

15 IF (FF.GT.-.001) GO TO 400 68
20 CONTINUE 69

IF (IRARF.EQ.1) GO TO 100 70
M=PICK2(ZP,RP,3) 71
FF=RP-RARF2(M+l12)-(RARF2(M,2)-RARF2(M+1,2))*(ZP-RARF2(M+1,1))/(RA 72
IRF2(M,I)-RARF2(M+I,1)) 73
KICK=20 74
CALL DVCHK(KQ) 75
IF (KQ.EQ.1) GO TO 9980 76
IF (FF.LT.0.) GO TO 100 77
M=PICK2(ZPRP,6) 78
FF=RP-RPART(M+1,2)-(RPART(Mt2)-RPART(M+1,2))*(ZP-RPART(M+1,1))/(RP 79
LART(M,1)-RPART(IM+,1)) 80
KICK=100 81
CALL DVCHK(KQ) 82



IF (KQ.EQ.1) GO TO 9980 83
IF (FF.LT.O.) GO TO 500 84

100 TEST=1 85
TEST=TEST+.2 86
RETURN 87

200 TEST=2 88
TEST=TEST+.2 89
RETURN 90

300 TEST=3 91
TEST=TEST+.2 92
RETURN 93

400 TEST=4 94
TEST=TEST+.2 95
RETURN 96

500 TEST=5 97
TEST=TEST+.2 98
RETURN 99

9980 WRITE (3,9985) KICK 100
9985 FORMAT (32HODIVIDE CHECK NEAR STATEMENT NO.,I5,14H IN SUBR. TEST/I 101

1HI) 102
RETURN 103
DEBUG SUBCHK
END 104
SUBROUTINE FGOF5(Z5,RSSS,QQPHItNMAXtMMAX)

C SUBROUTINE FGOF5(Z5,R5,SSQQ)
C 2
C COMPUTES SSQ5 FOR INTERIOR REGION 3
C ITERATION FOR Z5,R5 4
C 5

COMMON CASEID(14)tITSIlTS2,I9S3,ITS49,TIltTI2,IT13ITI4,EPS1,EPS 6
12,EPS3,EPS4,EPS5,EPS6,EPI1,EPI2,EPI3,EPI4EPI5,EPI6,EPI7tVPARLEN 7
IGTH,APRtBPRBIGAPBIGAPRBIGPRESTARALPHABETARHOSTR,EPRSRHOS 8
COMMON XMESH(2020,6)tXMESH2(20,20,6),ZI20)Rf(20)tSURF(15,8)SURF2 9
1(15,8),TAB(15,14,2),TA82(15,14,2),SPART(15,2,2),RARF(15,11),RARF2( 10
115,4)tRPART(15,2) 11

C 12



C13

COMMON ZOROPOUOVOLOMORHOOEOAOtUBARO VBARO 14
C 15

COMMON NPNTtNRNINDELISUB 16
C 17

COMMON ZMINZMAXRMINRMAXRADIUSGZGRtDELTAtH 18
COMMON DIRCOS 19

COMMON TIME 20

COMMON IRARF 21

COMMON KSTOP 22

COMMON TPSI 23

COMMON KKK 24

REAL LO,MOLENGTHMUKO 25

DOUBLE PRECISION PHI(20O206)
C 26

DIMENSION ANS(6) 27

C 28

TSSS=I.1
IF(TIME.GT.TSSS) GO TO 100
CALL DBLTRP(Z5,RS,ANS)
GO TO 101

100 CALL DSURFT(ZS5RSANSPHINMAXMMAX)
101 U5=ANS(2)

C U5=ANSI2)
V5=ANS(3) 31

SS=Z5-ZO+H*V5 32

QQ=R5-RO+H*U5 33
RETURN 34

DEBUG SUBCHK
END 35

SUBROUTINE ITRP 1
COMMON CASEID(14),ITSS1ITS2lTS3,ITS4,IT1,IT12,IT13,ITI

4,EPSIEPS 2

12tEPS3,EPS4,EPS5,EPS6tEPI1,EPI2,EPI3,EPI4,EPI5,EPI6,EPITVPARtLEN 3

1GTHAPR,BPRBIGAPRBIGBPRESTARALPHAtBETARHOSTR9EPRStRHOS 4

COMMON XMESH(20,20,6)XMESH2(20,20,6),Z(20),R(20),SURF(15,8)tSURF2 5

t115S8),TAB(1ti5142),TAB2(5ut14,21tSPART(15t2,2)tRARF(15,11),RARF2( 6



115,4),RPARTI 152) 7
C 8
C 9

COMMON ZOROtPOtUOVO,LOtMOtRHOOtEO,AOtUBAROVBARO 10
C 11

COMMON NPNTNRNINDELISUB 12
C 13

COMMON ZMINtZMAXRMINtRMAXtRADIUSGZtGRDELTAH 14
COMMON DIRCOS 15
COMMON TIME 16
COMMON IRARF 17
COMMON KSTOP 18
COMMON TPSI 19
COMMON KKK 20

C 21
C 22

REAL LOMOLENGTHMUKO 23
C 24
C INTERPOLATION SCHEME FOR POINTS BETWEEN PARTICLE CURVES 25
C AND DISCONTINUITIES 26
C 27

EPS=.0000001 28
KOD1=0 29
KOD2=0 30
DO 1000 J=1,20 31
DO 1000 I=1,20 32
M=TEST(Z(I),RIJ)) 33
IF (M.NE.5) GO TO 906 34
IF (IRARF.EQ.1) GO TO 906 35
NR1=NR-1 36
DO 907 JJ=1,NR1 37
IF (RARF2(JJl).LT.Z(I).AND.RARF2(JJ+1,1).GT.Z(I)) GO TO 908 38

907 CONTINUE 39
908 CONTINUE 40

FF=R(J)-RARF2(JJ+1,2)+(RARF2(JJ,2)-RARF2(JJ+1,2))*(Z(I)-RARF2(JJ+1 41
1l))/(RARF2(JJ,1)-RARF2(JJ+1,1)) 42

19/



IF (FF.LT.O.) GO TO 1000 43
906 CONTINUE 44

IF (M.EQ.3.AND.Z(II).LT.EPS.AND.ABS(R(J)-RADIUS).LT.EPS) GO TO 1000 45
IF (M.LT.3) GO TO 8051 46
WRITE (3,8050) 47

8050 FORMAT (30HOINTERPOLATION SCHEME EMPLOYED) 48
614 FORMAT (1X5HZO =,E15.8,4X5HRO =,E15.8) 49

ZO=Z(I) 50
RO=R(J) 51
WRITE (3,614) ZORO 52
WRITE (3,8888) M 53

8888 FORMAT (1X4HM =,14) 54
8051 CONTINUE 55

GO TO (1000,1000,1001l,010,1100),M 56
1001 IF (IRARF.EQ.1) GO TO 1003 57

M=PICK2(Z(I),R(J),3) 58
FF=R(J)-RARF2(M+1,2)+(RARF2(M,2)-RARF2(M+1,2))*(Z(I)-RARF2(M+1,1)) 59
1/(RARF2(M,1)-RARF2(M+1,1)) 60
IF (FF.GT.0.) GO TO 1003 61
DO 8002 K=1,6 62
L=K+2 63

8002 XMESH2(I,J,K)=RARF(1,L) 64
GO TO 1000 65

1003 L=I+ 66
N=TEST(Z(L),R(J)) 67
GO TO (10041007,1030,1030,1050),N 68

1004 M=PICK2(Z(I)tR(J),1) 69
00 1006 K=18 70
ANS=TAB2(MK,1)+(TAB2(M+1,K1l)-TAB2(M,K,1))*(R(J)-TAB2(M,2lI))/(TA 71
182(M+1,2,1)-TAB2(M,2,1)) 72
IF (K.NE.1) GO TO 8005 73
ANSI=ANS 74
GO TO 1006 75

8005 CONTINUE 76
IF (K.EQ.2) GO TO 1006 77
KX=K-2 78



IF (ABS(R(J)-RADIUSI.GT.EPS) GO TO 9024 79
IF (K.GT.5.OR.K.LT.4) GO TO 9024 80
ANS=TAB2(M+IK,1) 81

9024 CONTINUE 82
XMESH2(IJKX)=ANS+(XMESH2(LJKX)-ANS)*(Z(I)-ANS1)/(Z(LI-ANS1) 83
IF (ABS(R(J)-RADIUS).GT.EPS) GO TO 1006 84
XMESH2(IJ,1I)=O 85
XMESH2(IJ,4)=RHOSTR 86
XMESH2(IJ,5)=O- 87
XMESH2(I,J,6)=SQRT(BIGAPR/RHOSTR) -88

1006 CONTINUE 89
GO TO 1000 90

1007 MM=PICK2(Z(I),R(J),2) 91
M=PICK2(Z(I),R(J)l1) 92
00 1009 K=1,8 93
ANS=TAB2(M,K1l)+(TAB2(M+1,K,1)-TAB2(MK,1))*(R(J)-TA82(Mt2,1))/(TA 94

1B2(M+1,2,1)-TAB2(M,2,1)) 95
ANSW=TAB2(MMnK,2)+(TAB2(MM+1,K,2)-TAB2(MM,K,2))*(R(J)-TAB2(MM,2,2) 96
1)/(TAB2(MM+1,2,21-TAB2(MM,2,1)) 97
IF (K.NE.1) GO TO 1008 98
ANS1=ANS 99
ANS2=ANSW 100
GO TO 1009 101

1008 CONTINUE 102
IF (K.EQ.2) GO TO 1009 103
KX=K-2 104
XMESH2(I,JKX)=ANS+(ANSW-ANS)*(Z(I)-ANS1)/(ANS2-ANS1) 105

1009 CONTINUE 106
GO TO 1000 107

.1010 IF (IRARF.EQ.1) GO TO 1013 108
M=PICK2(Z(I),R(J),3) 109
FF=R(J)-RARF2(M+1,21+(RARF2(M,2)-RARF2(M+1,2t)*(Zl)-RARF2(M+I,1) 110
1/(RARF2(M,1)-RARF2(M+1,1)) 111
IF (FF.GT.0.) GO TO 1013 112
DO 1012 K=1,6 113
L=K+2 114



1012 XMESH2(IJK)=RARF(1,L) 115
GO TO 1000 116

1013 L=I-1 117
IF (ABS(Z(I)).LT.EPS) GO TO 1017 118
N=TEST(Z(L),R(J)) 119
GO TO (1014,1017,1030,1017,1051),N 120

1014 M=PICK2(Z(I),R(J),2) 121
00 1016 K=1,8 122
ANS=TAB2(M,K,2)+(TAB2(M+1,K,2)-TAB2(M,K,2))*(R(J)-TAB2(M,2,2))/(TA 123
182(M+1,2,2)-TAB2(M,2,2)) 124
IF (K.NE.1) GO TO 1015 125
ANS1=ANS 126
GO TO 1016 127

1015 CONTINUE 128
IF (K.EQ.2) GO TO 1016 129
KX=K-2 130
XMESH2(I,JKX)=ANS+(XMESH2(L,J,KX)-ANS)*(Z(I)-ANS1)/(Z(L)-ANSI) 131

1016 CONTINUE 132
GO TO 1000 133

1017 L=J-1 134
N=TEST(Z(I),R(L)) 135
GO TO (1024,1030,10301030,1051),N 136

1024 M=PICK2(Z(I),R(J),2) 137
DO 1026 K=2,8 138
ANS=TAB2(MK 2)+(TAB2(M+1,K,2)-TAB2(MK,2))*(Z(I)-TAB2(Ml,21)/(TA 139
182(M+1,1,2)-TAB2(Ml,2)) 140
IF (K.NE.2) GO TO 1025 141
ANS1=ANS 142
GO TO 1026 143

1025 CONTINUE 144
KX=K-2 145
IF (ABS(Z(I)).GT.EPS) GO TO 9125 146
IF (K.GT.5.OR.K.LT.4 GO TO 9125 147
ANS=TAB2(M+1,K,2) 148

9125 CONTINUE 149
XMESH2(I,JKX)=ANS+(XMESH2(IL,KX)-ANS)*(R(J)-ANS1)/(R(L)-ANS1) 150



IF (ABS(Z(I)).GT.EPS) GO TO 1026 151
XMESH2(IJl,1)=O. 152
XMESH2(I,J,4)=RHOSTR 153
XMESH2(ItJt5)=O. 154
XMESH2(IJ,6)=SQRT(BIGAPR/RHOSTR) 155

1026 CONTINUE 156
GO TO 1000 157

1100 M=PICK2(Z(I),R(J),3) 158
ANS1=RARF2(M+1,2)+(RARF2(M,2)-RARF2(M+1,2))*(Z(I)-RARF2(M+1,1))/(R 159

1ARF2(M, 1)-RARF2(M+11)) 160
L=J+1 161
M=TEST(Z(I )R(Ll) 162
GO TO (1101,1030,10511030),M 163

1101 CONTINUE 164
DO 1106 K=1,6 165
LL=K+2 166
XMESH2(IJK)=RARF(1,LL)+(XMESH2(I,L,K)-RARF(1,LL)~*(R(JI-ANS1)/(R 167

1(L)-ANS1) 168
1106 CONTINUE 169

GO TO 1000 170
1050 JJ1=J 171

111I=I 172
KOD1=1 173
GO TO 1000 174

1051 JJ2=J 175
II2=I 176
KOD2=1 177

1000 CONTINUE 178
IF (KOD1.EQ.0) GO TO 2000 179
M=PICK2(Z(II1),R4JJ1),1) 180
00 2016 K=1,8 181
ANS=TAB2tM,Kl)+(TAB2(M+Kl)-TAB2(MK,1l)*(R(JJ1)-TAB2(M,21l))/( 182
1TAB2(M+1,2,1)-TAB2(Mv2,l)) 183
IF (K.NE.1) GO TO 2005 184
ANSI=ANS 185
GO TO 2016 186
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2005 CONTINUE 187
I=III 188
J=JJ1 189
L=111+1 190
IF (K.EQ.2) GO TO 2016 191
KX=K-2 192
XMESH2( IJ,KX)=ANS+(XMESH2(L,J,KX)-ANS)*(Z(I)-ANS1)/(Z(L)-ANS1) 193

2016 CONTINUE 194
2000 IF (KOD2.EQ.O) GO TO 3000 195

M=PICK2(Z(II2),R(JJ2),2) 196
DO 3016 K=1,8 197
ANS=TAB2(M,K,2)+(TAB2(M+1K,2)-TAB2(MtK,2))*(R(JJ2)-TAB2(M,2,2) )/( 198

1TAB2(M+l12,2)-TAB2(M,2,2)) 199
IF (K.NE.1) GO TO 3015 200
ANSI=ANS 201
GO TO 3016 202

3015 CONTINUE 203
1=112 204
J=JJ2 205
L=112-1 206
IF (K.EQ.2) GO TO 3016 207
KX=K-2 208
XMESH2(I,JKX)=ANS+(XMESH2(LtJKX)-ANS)*(Z(I)-ANS1)/(Z(L)-ANS1) 209

3016 CONTINUE 210
3000 CONTINUE 211

GO TO 3017 212
1030 WRITE (3t1040) IJ 213
1040 FORMAT (27HO TIME STEP TOO LARGE AT I=,I4,2HJ=,14,///) 214

CALL EXIT 215
3017 CONTINUE 216
C 217
C 218

RETURN 219
DEBUG SUBCHK
END 220
SUBROUTINE EXIT 1

97



C 2
COMMON CASEID(14),ITS1,ITS2,ITS3,ITS4,ITIItIT12,IT13tITI4,EPSIEPS 3
12,EPS3,EPS4,EPS5,EPS6,EPI11EPI2,EP3,IEPI4,EPI5,EPI6,EPITVPARLEN .4
IGTHAPRBPRBIGAPRBIGBPIGPRESTARALPHABETARHOSTREPRSRHOS 5
COMMON XMESH(20,206),XMESH2(20,20,6),Z(20),R(20),SURF(15,8),SURF2 6
1(15,8),TAB(15,14,2),TAB2(15,14,2),SPART(15,2,2),RARF(15,11),RARF2( 7
115,4),RPART(15,2) 8

C 9
C 10

COMMON ZO,RO0POtUO,VOLOMOtRHOOEO,AOUBAR0,VBARO 11
C 12

COMMON NPNTNR,NItNDELISUB 13
C 14

COMMON ZMINZMAX,RMINRMAXRADIUSGZGR,DELTA,H 15
COMMON DIRCOS 16
COMMON TIME 17
COMMON IRARF 18
COMMON KSTOP 19
COMMON TPSI 20
COMMON KKK 21
REAL LOMOtLENGTHMUKO 22
KSTOP=1 23
STOP 24
END 25
SUBROUTINE FGOFI(ZXRXtSSQQPHINMAXMMAX)

C SUBROUTINE FGOFI(ZXRXSSQQ)
C 2
C COMPUTES SIQI FOR INTERIOR REGION 3
C ITERATION FOR ZIRI 4
C 5

COMMON CASEID(14),ITS1,ITS2,ITS3,ITS4,ITITITI2,ITI3,ITI4,EPSLEPS 6
12,EPS3,EPS4,EPS5,EPS6,EPIIEPI2,EPI3,EPI4,EPISEPI6,EPI7TVPARLEN 7
1GTHAPRBPBIGAPBBIGABPBGPRtESTARALPHAtBETARHOSTREPRSRHOS 8
COMMON XMESH(20,20,6)tXMESH2(20,206),Z(20),R(20),SURF(15t8),SURF2 9
1(15,8),TAB(15,14,2),TAB2(15,14,2),SPART(15,2,2),RARF(15,11),RARF2( 10
115,4)tRPART(15,2) 11



C 
12C 
13

COMMON ZOROrPOvUOvVOtLO#MOvRHOOvEOtAOtUBAROVBARO 14
C 

15COMMON NPNTtNRNItNDELISUB 16
17

COMMON ZMIN,ZMAXRMINRMAXRADIUSGZGRDELTAH 18
COMMON DIRCOS 19
COMMON TIME 20
COMMON IRARF 21
COMMON KSTOP 22
COMMON TPSI 23
COMMON KKK 24
REAL LO0MOLENGTHMUvKO 25C 

26
DIMENSION ANS(6),PSI(4),SPSI(11)CPSI(11) 27
DOUBLE PRECISION PHI(2020,6)

C 
28C 
29C 
30C 
31
32TSSS=1.1

IF(TIME.GT.TSSS) GO TO 100
CALL DBLTRP(ZXtRXANS)
GO TO 101

100 CALL DSURFT(ZXtRXgANStPHINMAXtMMAX)
101 UI=ANS(2)

C UI=ANS(2)
VI=ANS(3) 

35AI=ANS(6) 36
SS=ZX-ZO+H*(VI+AI*SIN(TPSII) 37
QQ=RX-RO+H*(UI+AI*COS(TPSI)l 

38RETURN 
39



11.2. Method of Characteristics Calculations and the Computer Code

for Materials with Arbitrary Equations of State.
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Fig. 1. Pressure distribution from the characteristic solution at t - 1.25 usec

after impact of a 2.5 -cm- diameter projectile at 0.76 cm/psec on an

aluminum half-space.
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COMMON CASEIDI14)slTS1IlTS2lITS3*ITS4,ITIeITI2tlTI3,IT14,EPSltEPSMAIN 1

12,EPS3,EPS4,EPSS5EPS6,EPIEPI 2EP13tEPI4,EPISEPI6,EPIT7VPARtLENMAIN 2

1GTH,APR,8RBPRBIPBIAPRIGBPRESTARALPHAtBETA,RHOSTReEPRSRHOS MAIN 3

COMMON XMESH(2020,6exMESH2(2O,206206,Z(20)R(20)tSURF(15,8),SURF2MAIN 4

1(15,81cTAB(15914s2),TA82(S15e142),SPART(15,2,2,RARF(15,11),RARF24MAIN 5

115,4),RPART(15,2) MAIN 6

C MAIN 7

C MAIN 8

COMMON ZOlROPOUOVOtLOMORHOOEOAOUBAROVBARO MAIN 9

C MAIN 10
COMMON NP,NTtNRNI,NDELISUB MAIN 11

C MAIN 12

COMMON ZMINZMAXtRMIN,RMAX,RADIUSGZGR,DELTAH MAIN 13
COMMON DIRCOS. MAIN 14
COMMON TIME MAIN 15

COMMON IRARF MAIN 16

COMMON KSTOP MAIN 17

COMMON TPSI MAIN 18
COMMON KKK MAIN 19

C MAIN 20

C MAIN 21
REAL L0,MO,LENGTHMUKO MAIN 22

KR=10 MAIN 23
EPS=.0000001 MAIN 24
KSTOP=O MAIN 25

1 FORMAT (1HI) MAIN 26
CALL OVCHK(KEY) MAIN 27
KICK=O MAIN 28
IF (KEY.EQ.1) GO TO 9980 MAIN 29

C MAIN 30

DO 2 K=196 MAIN 31

00 2 J=1,20 MAIN 32

DO 2 1=1,20 MAIN 33
XMESH(IJvKl10. MAIN 34

XMESH2(I,J,K)=0. MAIN 35

2 CONTINUE MAIN 36



C KRW=O MAIN 37
NUZON=0O MAIN 38

C MAIN 39

C MAIN 40

WRITE (3,4) MAIN 41

C MAIN 42

C DATA INPUT SECTION MAIN 43

C MAIN 44

4 FORMAT (52HIHYPERVELOCITY IMPACT METHOD OF CHARACTER.ISTICS CODE///MAIN 45

1) MAIN 46

C 10 AND FX. PT. CONSTANTS MAIN 47

C MAIN 48

READ (1,8) CASEIDITSlTTSS2ITS3,ITS4,ITI1,1TI2,ITI3,TI1TNDEL MAIN 49

8 FORMAT (13A6tA2/913) MAIN 50

IRARF=ITI2 MAIN 51

C MAIN 52

C FL. PT. CONSTANTS MAIN 53

C MAIN 54
READ (1,151 EPSIEPS2tEPS3tEPS4,EPS5,9PS6,EPIItEPI2,EPI3,EPI4,EPI5MAIN 55

19EPI6,EPI7 MAIN 56

READ (1,14 NPNTNR MAIN 57

14 FORMAT (313) MAIN 58

READ (1,15) APRBPRBIGAPRBIGBPRtESTARALPHAtBETARHOSTRtEPRSREFMAIN 59

1L MAIN 60
READ (1,t15 ZMINZMAXRMINRMAXGRtGZ,0ELTAVPLENGTHRADIUSHSTARMAIN 61

15 FORMAT (6E12.8) MAIN 62

READ (1,15) RST MAIN 63

IF (RST.GT.O.) GO TO 16 MAIN 64

REWIND 9 MAIN 65

C 00 1529 JTP=19200 MAIN 66

READ (9)TIME MAIN 67

C IF(ABS(RST+TIME).LT..001) GO TO 1530 MAIN 68

C READ(9)BLOB MAIN 69

C1529 CONTINUE MAIN 70

1530 CONTINUE MAIN 71

C KRW=I MAIN 72



READ (9)(((XMESH(IJJtK),I=1,20),J=1,20)tK=I,6)(ZI( I)tI=1,20It(R( IMAIN 73
l[l=l,20),((SURF(ltJ) lt=l15),J=1,8),(((TAB(I,JKl l=1,15),J=1,14),MAIN 74
1K=1,2),((RARF(IJI'l=1,15),J=1,11),TIMEZMINZMAXtRMINRMAXtGRGZMAIN 75
IAR MAIN 76
DO 1500 J=1,20 MAIN 77
00 1500 1=1,20 MAIN 78
00 1500 K=1,6 MAIN 79

1500 XMESH2(I,JtK)=XMESH(I,JK) MAIN 80
00 1501 I=1,15 MAIN 81
00 1501 J=1,8 MAIN 82

1501 SURF2(I,J)=SURF(I,J) MAIN 83
WRITE (3,145) TIME MAIN 84
CALL SOUT MAIN 85
CALL PRINT4XMESH2,Z,R,1) MAIN 86
KREFL=O MAIN 87

16 CONTINUE MAIN 88
WRITE (3,10) CASEID,ITS1,ITS2,lTS3,ITS4,ITI1,ITI2,ITI3,ITI4,NDEL MAIN 89

10 FORMAT (1X13A6,A2//17H SHOCK ITERATIONS6X,414//20H INTERIOR ITERATMAIN 90
110NS3X,414//7H NDEL =,14///) MAIN 91
WRITE (3,181 EPSI,EPS2,EPS3,EPS4,EPS5,EPS6,EPII,EPI2,EPI3,EPI4,EPIMAIN 92
15,FPI6,EPIT,ZMINlZMRMAX,DELTA, VPLENGTH,RADIUS, APRBPR,BIGMAIN 93
1APRBIGBPRESTAR,ALPHA,BETARHOSTREPRStREFL MAIN 94

18 FORMAT (///38H ERROR CRITERIA FOR SHOCK COMPUTATIONS//SX8HDELTA ZIMAIN 95
18X8HOELTA R18X9HDELTA RHOTX7HOELTA E9X7HDELTA P9X7HDELTA U/6E16.6/MAIN 96
1//41H ERROR CRITERIA FOR INTERIOR COMPUTATIONS//SX8HDELTA ZI8X8HDEMAIN 97
ILTA RI8X7HDELTA P9X7HDELTA U9X7HDELTA V9X9HDELTA RHO7X7HDELTA E/7EMAIN 98
116.6///5X4HZMIN12X4HZMAX12X4HRMIN12X4HRMAXI2X5HDELTAI1X2HVP14X6HLEMAIN 99
INGTHIOX6HRADIUS/8E16.6///5X2HA4X2HB2H14X6HBIG A'1OX6HBIG 8'1OX2HEMAIN 100
1 14XSHALPHAllX4HBETA12X4HRHO*/8E16.6//5X3HE'S13X4HREFL/2E16.6///) MAIN 101
IF (RST.LT.O. GO TO 140 MAIN 102

C MAIN 103
C STORE RHO* IN ALL XMESH MAIN 104
C MAIN 105

00 22 J=1,20 MAIN 106
00 22 1=1,20 MAIN 107

22 XMESH(IJ,4)=RHOSTR MAIN 108



40 FORMAT (5E12.8) MAIN 109
C MAIN 110
C PROJECTILE SHOCK MAIN 111
C MAIN 112

CALL EQOSI(PRHOPPPtPVVtPEEtTEEtTRHOKICKI MAIN 113
IF (KICK.EQ.2200) GO TO 9980 MAIN 114
00 230 N=1,NP MAIN 115
TAB(NLtll=(PRHO*PVV-RHOSTR*VP)*HSTAR/(PRHO-RHOSTRI MAIN 116
EE=N-1 MAIN 117
FNP=NP MAIN 118
TAB(N,291l=RMIN+EE*4RADIUS-RMIN)/FNP MAIN 119
TAB(N3tl1)=PPP MAIN 120
TAB(N,4,11=0.0 MAIN 121
TAB(Nt51=-PVV MAIN 122
TAB(N,61l)=PRHO MAIN 123
TAB(N,7TlI=PEE MAIN 124
TAB(N,9,t1=0.0 MAIN 125
TAB(Nl0,19=1.O0 MAIN 126

230 CONTINUE MAIN 127
C MAIN 128
C TARGET SHOCK MAIN 129
C MAIN 130

M=O MAIN 131
DO 240 N=,INT MAIN 132
EE=N-1 MAIN 133
FNT=NT-4 MAIN 134
TAB(N,2,2)=RMIN+EE*(RADIUS-RMIN)/FNT MAIN 135
TAB(N,7,29=TEE MAIN 136
TAB(N,6,2)=TRHO MAIN 137
TA8(Nt3,2=PPP MAIN 138
IF (TAB(N,2,2).GT.RADIUS) GO TO 250 MAIN 139
TAB(N,1,21=TRHO*PVV*HSTAR/(TRHO-RHOSTRI MAIN 140
TA8(N4,2=2)O.0 MAIN 141
TAB(N,5,29=PVV MAIN 142
TAB(N,9,21=0.0 MAIN 143
TAB(N,10,21=1.0 MAIN 144



GO TO 240 MAIN 145

250 EF=M MAIN 146

TAB(N,9,2)=SIN(.5236+EF*.26181 MAIN 147

TAB(Ntl.02)=COSI.5236+EF*.2618) MAIN 148

TAB(N,421=PVV*TAB(N*9,2) MAIN 149

TAB(N,5,2)=PVV*TAB(N,10,2) MAIN 150

TAB(Nl#12)=TAB(1,1,2)*TAB(N,10,21 MAIN 151

TAB(N,2,2)=RADIUS+TAB(1,1,21*TAB(N,9,2) MAIN 152

M=M+1 MAIN 153

240 CONTINUE MAIN 154

C MAIN 155

C RAREFACTION MAIN 156

C MAIN 157

CALL EQOS2(PPP,PRHO,PEE) MAIN 158

EE=NR-1 MAIN 159

ADEL=(TAB(1,1t2)-TAB(tlIl))/EE MAIN 160

RARF(Ill)=TAB(1,1,2) MAIN 161

DO 205 N=2,NR MAIN 162

RARF(N,1)=RARF(N-l,1)-ADEL MAIN 163

205 CONTINUE MAIN 164
DO 210 N=1,NR MAIN 165

RARF(N,10)=(RARF(N,1)/HSTAR-.5*VPI/AR MAIN 166

RARF(N9)=-SQRT(1.-RARF(N, 1O)**2) MAIN 167

RARF(N,2)=RAOIUS+HSTAR*AR*RARF(N,9) MAIN 168

210 CONTINUE MAIN 169

DO 220 N=1,NR MAIN 170

RARFIN,3)=TAB(l,31) MAIN 171

RARFIN,4)=0. MAIN 172

RARF(N,5)=TA8(1,5,1) MAIN 173

RARF(N,6)=TAB(1,6,1) MAIN 174

RARF(N,7)=TA8(1,7,1) MAIN 175

220 CONTINUE MAIN 176

C REGION INTERIOR TO SHOCKS MAIN 177

I=-ZMIN/GZ+1.2 MAIN 178

J=O MAIN 179

260 J=J+l MAIN 180



XMESH( IJt)=PPP MAIN 181
XMESH(IJ,3)=PVV MAIN 182
XMESH(I,J,4)=PRHO MAIN 183
XMESH(IJ,5)=PEE MAIN 184
EE=(J-1) MAIN 185
IF ((EE*GR-RADIUSI.LT.-EPS) GO TO 260 MAIN 186
XMESH(I,JtI)=0. MAIN 187
XMESH(IJ,4)=RHOSTR MAIN 188
XMESH(IJ,5)=0. MAIN 189

C MAIN 190
C FREE SURFACE MAIN 191
C MAIN 192

DO 50 I=1,NP MAIN 193
SURF( Ill=-LENGTH+VP*HSTAR MAIN 194
SURF( I21=TAB(1,21t) MAIN 195
SURF( 13)=0. MAIN 196
SURF(I,4)=0. MAIN 197
SURF(l,5)=VP MAIN 198
SURF(I,6)=RHOSTR MAIN 199
SURF( 1,7=0. MAIN 200
SURF( ,8)=SQRT(BIGAPR/RHOSTR) MAIN 201

50 CONTINUE MAIN 202
DO 51 I=l1NP MAIN 203
00 51 J=1,8 MAIN 204

51 SURF2(I,J =SURF(I,JI MAIN 205
IF (NUZON.EQ.O) GO TO 5001 MAIN 206

5000 GR=GR*2. MAIN 207
GZ=GZ*2. MAIN 208
ZMAX=ZMAX*2.-ZMIN MAIN 209
RMAX=RMAX*2. MAIN 210
NUZON= MAIN 211
WRITE (3,5003) MAIN 212

5003 FORMAT (7H REZONE///) -MAIN 213
5001 CONTINUF MAIN 214
C MAIN 215
C MAIN 216'



00 55 1=1,20 MAIN 217

EE= I- MAIN 218

Z( I)=ZMIN+EE*GZ MAIN 21

R(1)=RMIN+EE*GR MAIN 220

55 CONTINUE MAIN 221

IF (NUZON.EQ.O) GO TO 5101 MAIN 222

DO 5100 1=1,10 MAIN 223

DO 5100 J=1,1 MAIN 224

DO 5100 K=1,6 MAIN 225

L=2*1-1 MAIN 226

M=2*J-1 MAIN 227

XMESH(IJK)=XMESH(LMK) MAIN 228

5100 CONTINUE MAIN 229

GO TO 157 MAIN 230

5101 CONTINUE MAIN 231

C MAIN 232

C COMPUTE A FOR 2 SHOCKS AND MESH MAIN 233

C MAIN 234

00 86 K=193 MAIN 235

GO TO (57,59,61),K MAIN 236

57 NN=NP MAIN 237

JJ=l MAIN 238

GO TO 63 MAIN 239

59 NN=NT MAIN 240

JJ=1 MAIN 241

GO TO 63 MAIN 242

61 NN=20 MAIN 243

JJ=20 MAIN 244

63 DO 84 N=1,NN MAIN 245

DO 82 J=lJJ MAIN 246

GO TO (65,65,68),K MAIN 247

65 P=TAB(Nv3,K) MAIN 248

RHO=TAB(Nt6,K) MAIN 249

E=TAB(N,7,K) MAIN 250

GO TO 70 MAIN 251

68 P=XMESH(JNtll MAIN 252



RHO=XMESH JN,4) MAIN 253
E=XMESH(JvN*5) MAIN 254

70 CONTINUE MAIN 255
CALL EQOOS3(RHOAA#EP) MAIN 256
GO TO (76,76,78),K MAIN 257

76 TA8(N,8,K)=AA MAIN 258
GO TO 82 MAIN 259

78 XMESH(JtN96)=AA MAIN 260
82 CONTINUE MAIN 261
84 CONTINUE MAIN 262
86 CONTINUE MAIN 263

KICK=86 MAIN 264
CALL DVCHK(KQ) MAIN 265
IF (KQ.EQ.1) GO TO 9980 MAIN 266

C MAIN 267
C STORE A FOR RAREFACTION MAIN 268
C MAIN 269

DO 90 I=1,NR MAIN 270
90 RARF(le8)=AR MAIN 271
C MAIN 272
C COMPLETE SHOCK TABLES MAIN 273
C MAIN 274

00 99 K=1,2 MAIN 275
GO TO (92,94),K MAIN 276

92 NN=NP MAIN 277
GO TO 95 MAIN 278

94 NN=NT MAIN 279
US=O. MAIN 280

95 DO 97 N=1,NN MAIN 281
GO TO (93,96),K MAIN 282

93 CONTINUE MAIN 283
US=VP*TAB(N, 10,1) MAIN 284

96 CONTINUE MAIN 285
TAB(N, 11,KI=TAB(NttK)KtK)+N KTAN,10,K)*TA8(N,5,K) MAIN 286
TAB(N,12,K)=TAB(N,9,KI*TAB(N,5,K)-TAB(N,10,K)*TABIN,4,K) MAIN 287
TAB(N,13,KI=((TAB(N69K)*ABS(TAB(N11,K)))/(TAB(N,6tK)-RHOSTR)-US)MAIN 288



1*(-. )**K MAIN 289
TAB(N,14,K)=1. MAIN 290

97 CONTINUE MAIN 291
99 CONTINUE MAIN 292
C MAIN 293
C MAIN 294
C STORE ALL XMESH IN XMESH2 MAIN 295
C MAIN 296
130 DO 135 K=1,6 MAIN 297

00 135 J=1,20 MAIN 298
DO 135 1=1,20 MAIN 299
XMESH2(I, JK)=XMESH(I JK) MAIN 300

135 CONTINUE MAIN 301
TIME=HSTAR MAIN 302
WRITE (39145) TIME MAIN 303
CALL SOUT MAIN 304
CALL PRINTIXMESH2tZR,1) MAIN 305

C MAIN 306
KREFL=O MAIN 307

139 IF (KREFL.NE.0) GO TO 143 MAIN 308
C ENTRY FOR TIME STEP MAIN 309
C MAIN 310
140 READ (,1942) H MAIN 311
142 FORMAT (E12.8) MAIN 312
143 CONTINUE MAIN 313

TIME=TIME+H MAIN 314
WRITE (3,145) TIME MAIN 315

145 FORMAT (IH1///6H TIME=,EI5.8///) MAIN 316
WRITE (3,999) KR MAIN 317

999 FORMAT (5X,4H KR=,I5) MAIN 318
C MAIN 319
C MAIN 320
C ADVANCE SHOCK POINTS MAIN 321
C MAIN 322

00 159 N=1,NP MAIN 323
IF (TAB(N14,f1).LT.O.) GO TO 156 MAIN 324



IF ((TAB(Noll-SURF(NI).GT.EPS) GO TO 154 MAIN 325

156 TAB2(Ntlt)=TAB(N,1tl) MAIN 326

TAB2(N,2,I)=TAB(N,2,1) MAIN 327

TAB(N,14,1)=-1. MAIN 328

GO TO 159 MAIN 329

154 TAB2(N,II)=rAB(N,1,1)+TAB(N,13,1)*H*TAB(N, 0, l)-VP*TAB(N,9,1)TABMAIN 330

1(N,101Ot)*H MAIN 331

150 TAB2(N,2,1=TAB(N,2,1)+TAB(N,13,1)*H*TAB(N,9,1)-VP*TAB(N,9,1)**2*HMAIN 332

159 CONTINUE MAIN 333

00 155 N=1tNT MAIN 334

TAB2(N,1,2)=TAB(N,1,2)+TAB(N,13,2)*H*TAB(N10,,2) MAIN 335

155 TAB2(N,2t2)=TAB(N,2,2)+TAB(Nt,132)*H*TAB(N9,t2) MAIN 336

00 158 M=1,NT MAIN 337

IF (TAB2(M,l2).GT.ZMAX) GO TO 5000 MAIN 338

IF (TAB2(M,2,2).GT.RMAX) GO TO 5000 MAIN 339

158 CONTINUE MAIN 340

157 NUZON=O MAIN 341

C ADVANCE RAREFACTION MAIN 342

C MAIN 343

'IF (RARF(1,2).LT. .IIRARF=l MAIN 344

IF (IRARF.EQ.1) GO TO 516 MAIN 345

ENR=NR-1 MAIN 346

ADEL=TAB2(1,1,2)-TAB2( 1,11))/ENR MAIN 347

RARF2(1tr1=TAB2(1,1,2) MAIN 348

00 510 N=2,NR MAIN 349

RARF2(N,l)=RARF2(N-1o1)-ADEL MAIN 350

510 CONTINUE MAIN 351

DO 515 N=INR MAIN 352

RARF2(N,31=(RARF2(NI)/TIME-.5*VP)/AR MAIN 353

RARF2(N,4)=-SQRT(I-.-RARF2(Nt3)**2) MAIN 354

RARF2(N,2)=RADIUS+TIME*AR*RARF2(N,4) MAIN 355

515 CONTINUE MAIN 356

516 CONTINUE MAIN 357

CALL SHOCK MAIN 358

C MAIN 359

C MAIN 360



IF (ITS3.EQ.1) GO TO 569 MAIN 361

C SHOCK COMPUTATIONS COMPLETED MAIN 362

C COMPUTE PARTICLE CURVES MAIN 363

C MAIN 364

TMP=.5*VP*H MAIN 365

DO 520 N=1,NP MAIN 366

SPART(N,1,1)=TAB(N,1,1)+TAB(N,5,1)*H MAIN 367

520 SPART(N,2,1)=TAB(Nt2,1)+TABIN,4*
I )*H MAIN 368

00 525 N=1,NT MAIN 369

SPART(NlT2)=TAB(N,1,2)+TA8(N,5,2)*H MAIN 370

525 SPART(N,2,2)=TAB(N,2,2)+TAB(Nt,42)*H MAIN 371

IF (IRARF.EQ.1 GO TO 531 MAIN 372

00 530 N=1,NR MAIN 373

•RPART(N l)=RARF(N1 +TMP MAIN 374

530 RPART(N,2)=RARF(N2) MAIN 375

531 CONTINUE MAIN 376

C MAIN 377

C MAIN 378

568 CALL SOUT2 MAIN 379

569 CONTINUE MAIN 380

C ADVANCE PROJECTILE REAR SURFACE MAIN 381

00 5300 I=1,NP MAIN 382

00 5300 J=1,8 MAIN 383

5300 SURF2(IJI=SURF(IJ) MAIN 384

KICK=568 MAIN 385

CALL OVCHK(KQ) MAIN 386

IF (KQ.EQ.1) GO TO 9980 MAIN 387

C MAIN 388

C START INTERIOR REGION COMPUTATIONS MAIN 389

C MAIN 390

CALL INTER MAIN 391

C MAIN 392

C INTERIOR REGION COMPUTATIONS COMPLETED MAIN 393

C MAIN 394

CALL PRINT(XMESH2,ZR,2 MAIN 395

570 CONTINUE MAIN 396



C MAIN 397

C INITIALIZE FOR NEXT TIME STEP MAIN 398

C MAIN 399

00 920 K=1,6 MAIN 400

DO 920 J=l120 MAIN 401

DO 920 I=1,20 MAIN 402

XMESH(IJK)=XMESH2([IJK) MAIN 403

920 CONTINUE MAIN 404

00 930 J=1,13 MAIN 405

00 930 I=1,NP MAIN 406

TAB(It,J,)=TAB2(I,J,Ii MAIN 407

930 CONTINUE MAIN 408

00 940 J=1,13 MAIN 409

DO 940 I=1,NT MAIN 410

TAB(I1J,2)=TAB2(I,J,2) MAIN 411

940 CONTINUE MAIN 412

IF (IRARF.EQ.1) GO TO 951 MAIN 413

DO 950 I=L,NR MAIN 414

RARF( I1)=RARF2( 1,1) MAIN 415

RARF(II2)=RARF2I 1,2 MAIN 416

950 CONTINUE MAIN 417

951 CONTINUE MAIN 418

DO 960 I=1,NP MAIN 419

00 959 J=1,5 MAIN 420

SURF(IJ)=SURF2([,J) MAIN 421

959 CONTINUE MAIN 422

960 CONTINUE MAIN 423

IF (KR.EQ.10) GO TO 888 MAIN 424

REWIND 4 MAIN 425

WRITE (4)TIME MAIN 426

WRITE (4)(((XMESH(IJK),I=1,20),J=1,20)tK=1,6),(Z(ItI=1,20)(R( IMAIN 427

1),I=1,20)O((SURF(IJ)I=1tl5)tJ=1,8h1(((TAB(IJK),I=tlI5),J=1,14)MAIN 428

lK=1,2)((RARF(I JltI=1,15) J=1t11),TIMEZMINZMAX,RMINRMAXGRtGZMAIN 429

1,AR MAIN 430

KR=10 MAIN 431

GO TO 77 MAIN 432



888 REWIND 10 MAIN 433
C IF(KRW.EQ.1)REWIND10O MAIN 434
C KRW=O MAIN 435

WRITE (10ITIME MAIN 436
WRITE (10I(((XMESH(IvJK)I=1,20),J=1,20,K=1,61,(Z(Itl=1,20,9(RIMAIN 437
LI),I=120),tUSURF(I,JSlI=1,l5)tJ=1,8),(((TAB(ItJK),I=1,15),J=1,14MAIN 438
1),K=1,2),((RARF(IlJ)tI=1,15)lJ=1,1),TIMEZMINZMAXRMINRMAXGRGMAIN 439
IZ,AR MAIN 440
KR=4 MAIN 441

777 IF (KREFL.EQ.O) GO TO 980 MAIN 442
KREFL=O MAIN 443
H=H1 MAIN 444
GO TO 143 MAIN 445

980 CONTINUE MAIN 446
CALL DVCHK(KICK) MAIN 447
IF (KICK.EQ.2) GO TO 140 MAIN 448
WRITE (3,970) MAIN 449

970 FORMAT (28HODIVIDE CHECK AT END OF CASE/IH1l MAIN 450
CALL EXIT MAIN 451

C MAIN 452
C DIVIDE CHECK MAIN 453
C MAIN 454
9980 WRITE (3,9985) KICK MAIN 455
9985 FORMAT (32HODIVIDE CHECK NEAR STATEMENT NO.,15/1H1) MAIN 456

RETURN MAIN 457
END MAIN 458
SUBROUTINE DBLTRP(ZXRXtANS) SUBI I

C SUBI 2
C 1ST ORDER DOUBLE INTERPOLATION THAT CONSIDERS SUB1 3
C LINES OF DISCONTINUITY IF IN CONSIDERED REGION SUB1 4
C SUBi 5

COMMON CASEIO(14),ITS1,ITS2,ITS3,ITS4,[TIlITI2,1TI3,1TI4,EPSI,EPSSUBI 6
12,EPS3tEPS4,EPSS,EPS6,EPI1,EPI2,EPI3,EPI4,EPIS5EPI6,EPIT7VPAR,LENSUB1 7
IGTH,APRPRBIGPRBIGBPRESTARALPHAETARHOSTREPRS,RHOS SUB 8
COMMON XMFSH(20,20,6),XMESH2(20,20,6),Z(20),R(20),SURF(15,81,SURF2SUBI 9
1(15,8),TAB(15,14,2),TAB2(15,14,2),SPART(15,2,2),RARF(15,11),RARF2(SUB1 10



115,4)tRPART(1592) SUBI L

C SUBI 12

C SUBi 13

COMMON ZOtROtPOUOVOLOMORHOOtEOtAOeUBAR0,VBARO SUBI 14

C SUBL 15

COMMON NP,NTNR,NI,NDEL,ISUB SUBI 16

C SUB1 17

COMMON ZMINZMAX,RM'INRMAXRADIUS,GZGRDELTAeH SUB1 18

COMMON DIRCOS SUBI 19

COMMON TIME SUB1 20

COMMON IRARF SUB1 21

COMMON KSTOP SUBI 22

COMMON TPSI SUB1 23

COMMON KKK SUB1 24

REAL LOMOLENGTHMUKO SUBI 25

C SUBI 26

DIMENSION ANS(6),ANSL(2,8),ANS2(2,8),ZI(4).RI(41,IK(4) SUB1 27

CALL OVCHK(KEY) SUBI 28

IF (KEY.FQ.2) GO TO 4 SUB1 29

NO=O SUB1 30

GO TO 940 SUB1 31

C SUB1 32

C FIND SUBSCRIPTS FOR GRID SUBI 33

C SUB1 34

4 I1=(ZX-ZMIN)/GZ+1.O00100 SUB1 35

12=11+1 SUB1 36

J1=(RX-RMIN)/GR+1.000001 SUB1 37

J2=Jl+1l SUB1 38

NN=NP SUB1 39

IF (ITS3.EQ.1I GO TO 3 SUBL 40

00 1 K=1,2 SUBI 41

IF (K.EQ.2)NN=NT SUBI 42

DO 1 I=1,NN SUB1 43

ALF=SQRT((TAB(I,t,K)-ZX)**2+(TAB(I,2,K)-RX)**2) SUBI 44

IF (ALF.GT.EPSi) GO TO I SUB 45

ANS(I)ITAB(I,3,K) SUB1 46



ANS(21=TAB(I,4,K) SUB1 47
ANS(3)=TAB(I,5,K) SUB1 48
ANS(4)=TAB I 6,K) SUBI 49
ANS(5)=TAB(II7,K) SUB1 50
ANS(6)=TAB(I,8,K) SUB1 51
RETURN SUBI 52

1 CONTINUE SUBI1 53
IF (IRARF.EQ.1) GO TO 3 SUBI 54
DO 2 I=1,NR SUBI 55
ALF=SQRT((RARF(II,)-ZX)**2+(RARFII,2)-RXI**2) SUBI 56
IF (ALF.GT.EPII) GO TO 2 SUB1 57
ANS(1)=RARF(1,3) SUBI 58
ANS(2)=RARF(1,4) SUBI 59
ANS(3)=RARF(I,5) SUBI 60
ANS(4)=RARF(,6) SUBI 61
ANS(5)=RARF(l,7) SUB1 62
ANS(6)=RARF(1,8) SUBI 63
RETURN SUB1 64

2 CONTINUE SUB1 65
3 CONTINUE SUB1 66
C SUBI 67
C SUBI 68

ZXX=ZX+.Ol SUBI 69
RXX=RX+.O1 SUB1 70

C SUB1 71
C I LOOP FOR UPPER AND LOWER Z GRID LINES SUB1 72
C SUB1 73

DO 800 I=1,2 SUB1 74
IF (ITS3.EQ.1 GO TO 14 SUB1 75
IF (I.EQ.2) GO TO 8 SUB1 76
11=I1 SUB1 77
GO TO 12 SUBI 78

8 [1=12 SUBI 79
12 M=COMP( Z X,RX,Z( II) ,R( Jl )) SUB1 80

IF (M.EQ.1) GO TO 13 SUB1 81
MCOM=t SUBI 82



GO TO 20 SUBI 83

13 M=COMP(ZXRXZ(II),R(J2)) SUBI 84

IF (M.EQ.1) GO TO 14 SUB1 85

MCOM=2 SUB1 86
GO TO 20 SUB1 87

C SUB1 88

C GET 6 VALUES ON GRID LINFS SUBI 89

C SUB1 90
14 DO 15 K=l16 SUB1 91

ANS (I K+2)=XMESH( IIlJIK)+(XMESH(IIJ2,K)-XMESH(II, JlKI)*(RX-R(JSUB1 92

11I)/(R(J21-R(J1)) SUB1 93

15 CONTINUE .SUB1 94

CALL DVCHK(NO) SUB1 95

IF (NO.EQ.2) GO TO 17 SUB1 96

NO=15 SUBI 97

GO TO 940 SUB1 98

17 ANSI(IlE=Z(II SUBI 99

ANSI(I,2)=RX SUB1 100

GO TO 800 SUB1 101

C SUB1 102

C SUB1 103

20 ZZ=Z(II) SUB1 104
RR=RX SUB1 105

M=COMP(ZXRXZZRR) SUB1 106

IF (M.EQ.1) GO TO 300 SUB1 107

C SU81 108

C SUB1 109

DO 25 K=192 SUBI 110

KATCH=0 SUB1 111

GO TO (21,22),K SUB1 112

21 NN=NP SUB1 113
GO TO 23 SUBI 114

22 NN=NT SUBI 115

23 JJJ=NN-1 SUB1 116

00 24 M=1,JJJ SUBI 117
IF (M.EQ.JJJI GO TO 210 SUB1 118



IF (RX.GT.TAB(M+12,K3.OR. RX.LT.TAB(Mt2,K)) GO TO 24 SUB1 119

210 ZI(K)=TAB(M+11a,K)+(TAB(MvItK-TAB(M+191,K))*(RX-TAB(M+1,2,K)I/(TASUBI 120

B8(M,2,K)-TAB(M+1,2,K)) SUBL 121

NO=210 SUBI 122

CALL DVCHKIKQ) SUB1 123
IF (KQ.EQ.1) GO TO 940 SUBI 124

IF (I.EQ.2) GO TO 211 SUBI 125
IF (KATCH.EQ.1) GO TO 212 SUB1 126

KATCH=1 SUBI 127

GO TO 213 SUBI 128

212 IF ((ZX-ZI(K)).GT.(ZX-ZM)) GO TO 24 SUB1 129

IF (ZI(K).GT.ZX) GO TO 24 SUB1 130

213 ZM=ZI(K) SUBI 131
IF (K.EQ.2) GO TO 215 SUBI 132

NPS=M SUBI 133

GO TO 24 SUB1 134

215 NTS=M SUB1 135

GO TO 24 SUBI 136

211 CONTINUE SUBI 137

IF (KATCH.EQ.1) GO TO 26 SUB1 138

KATCH=1 SUB1 139

GO TO 213 SUBI 140

26 IF ((ZI(KI-ZXI.GT.(ZM-ZX)) GO TO 24 SUB1 141

IF (ZI(K).LT.ZXI GO TO 24 SUBI 142

GO TO 213 SUBI 143

24 CONTINUE SUBI 144

ZI(K)=ZM SUB1 145

IF (KATCH.NE.0) GO TO 25 SUBI 146

ZI(K)=ZMAX+1. SUBL 147

25 CONTINUE SUBL 148

IF (IRARF.EQ.1)ZI(3)=ZMAX+1. SUB1 149

IF (IRARF.EQ.11 GO TO 2504 SUBI 150

KATCH=0 SUB1 151

JJJ=NR-1 SUBI 152

00 27 M=1,JJJ SUB1 153

ZI(3|=RARF(M+1it1(RARF(Ml)-RARF(M+1,13*(RX-RARF(M+1t2ll/(RARF(MSUBI 154



12)-RARF(MIe2)) SUBI 155

NO=25 SUBI 156

CALL OVCHK(KQI SUBI 157

IF (KQ.EQ.1) GO TO 940 SUBI 158

IF (ABS(ZI(3)-ZX).GT.I.E-5) GO TO 279 SUBI 159

00 2799 LN=1,6 SUB1 160

LNN=LN+2 SUBI 161

ANSILN)=RARF (1LNN) SUBl 162

2799 CONTINUE SUBI 163

GO TO 820 SUBI 164

279 CONTINUE SUBI 165

IF (I.EQ.2) GO TO 28 SUBI 166

IF (ZI(3).GT.ZX GO TO 27 SUB1 167

IF (KATCH.EQ.1) GO TO 280 SUB1 168

KATCH=1 SUB1 169

GO TO 281 SUB1 170

280 IF ((ZX-ZI(3)1.GT.(ZX-ZMn) GO TO 27 SUBI 171

281 ZM=ZI(31 SUB1 172

MR=M SUB1 173

GO TO 27 SUB1 174

28 IF (ZI(3.LT.ZXI GO TO 27 SUBI 175

IF (KATCH.EQ.1) GO TO 282 SUB1 176

KATCH=1 SUB1 177

GO TO 281 SUB1 178

282 IF ((ZI(31-ZX).GT.(ZM-ZX)I GO TO 27 SUBI 179

GO TO 281 SUB1 180

27 CONTINUE SUBI 181

ZI(3)=ZM SUB1 182

2504 CONTINUE SUB1 183

KATCH=O SUB1 184

K=4 SUBI 185

JJJ=NP-1 SUBI 186

DO 2700 Ml1,JJJ SUBi 187

IF (M.EQ.JJJ) GO TO 2710 SUB1 188

IF (RX.GT.SURF(M+1,2).OR.RX.LT.SURF(M,21) GO TO 2700 SUBI 189

2710 ZI(41=SURFNM+1,1)(SURF(Mtl)SUURF4M+1.1 *(RX-SURFiM+1,201/(SURF(MSUBI 190



1,2)-SURF(M+1921g SUBI 191

IF (KQ.EQ.I) GO TO 940 SUBI 192

CALL DVCHK(KQ) SUBI 193

NO=2710 SUB1 194

IF (I.EQ.2) GO TO 2711 SUB1 195

IF (KATCH.EQ.1) GO TO 2712 SUB1 196

KATCH=1 SUB1 197

GO TO 2713 SUB1 198

2712 IF ((ZX-ZIqK)I.GT.(ZX-ZM) GO TO 2700 SUBI 199

2713 ZM=ZI(4) SUB1 200

MS=M SUB1 201

GO TO 2700 SUBI 202

2711 CONTINUE SUB1 203

IF (KATCH.EQ.1) GO TO 2726 SUBI 204

KATCH=1 SUBt 205

GO TO 2713 SUB1 206

2726 IF ((ZI(K)-ZX).GT.(LM-ZX)) GO TO 2700 SUB1 207

GO TO 2713 SU81 208

2700 CONTINUE SUB1 209

ZI(4)=ZM SUB1 210

IF (KATCH.NE.0) GO TO 2701 SUB1 211

ZI(4)=ZMAX+1. SUB1 212

2701 CONTINUE SUB1 213
RI(1)=RX SUBI 214

RI(2)=RX SUBI 215

RI( 3)=RX SUB1 216

RI(4)=RX SUB1 217

C FIND INTERSECTION TO USE SUB1 218

C SUeB 219

30 KEY=O SUB1 220

IF (I.EQ.2) GO TO 50 SUB1 221

C SUB1 222

C UPPER GRID LINE SUB1 223

C SUBI 224

00 40 KK=1,4 SUBI 225

IF (Z(II).GT.ZI(KK)) GO TO 40 SUBI 226



IF (ABS(ZI(KKl-ZX).LT.1.E-5) GO TO 35 SUBI 227

IF (ZI(KK).GT.ZX) GO TO 40 SUB1 228

IF (KEY.EQ.0) GO TO 35 SUB1 229

IF (ZI(KK).LE.ZI(KEEP)) GO TO 40 SUBI 230
KEEP=KK SUB1 231

GO TO 40 SUBI 232
35 KEEP=KK SUBI 233

KEY=t SUBI 234

40 CONTINUE SUB1 235
GO TO 65 SUB1 236

C SUBI 237

C LOWER GRID LINE SUB1 238

C SUB1 239

50 DO 60 KK=1,4 SUB1 240
IF (Z(II).LT.ZI(KKI) GO TO 60 SUB1 241

IF (ABS(ZI(KK)-ZX).LT.L.E-5) GO TO 55 SUB1 242
IF (ZI(KK).LT.ZX) GO TO 60 SUB1 243

IF (KEY.EQ.0) GO TO 55 SUB1 244

IF (ZI(KKI.GE.ZI(KEEP)) GO TO 60 SUBI 245
KEEP=KK SUBI 246

GO TO 60 SUB1 247

55 KEEP=KK SUBI 248

KEY=1 SUBI 249
60 CONTINUE SUB1 250

C SUB1 251

65 IF (KEY.NE.O) GO TO 70 SUBI 252

WRITE (6,67) ZXRXI,(ZI(KEY),KEY=L,4),(RI(KEY),KEY=1,4) SUB1 253
67 FORMAT (34HOERROR NEAR STATEMENT 65 IN DBLTRP/IX3HZX=,E15.8,4X3HRXSUB1 254

1=,Fl5.8,4X2HI=,[3/1X3HZI=,4E20.8/X3HRI=,4E20.8/IHI) SUB1 255

XYZ=-2. SUB1 256
ZYX=SQRT( XYZ SUBI 257

CALL EXIT SUB1 258

C SUB1 259

C FIND 6 VALUES ON SELECTED DISCONTINUITY SUBI 260

C SUB1 261

70 IF (KEEP.EQ.3) GO TO 80 SUBI 262
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IF (KEEP.EQ.4) GO TO 81 SUB1 263
IF (KEEP.EQ.2) GO TO 71 SUBI 264
N=NPS SUB1 265
GO TO 72 SUBI 266

71 N=NTS SUBI 267
72 CONTINUE SUBI 268

ZY=ZI(KEEPs SUBI 269
RY=RX SUB1 270
00 75 K=3,8 SUBI 271
ANS1(I,K)=TABINK,KEEP)+(TAB(N+1,K,KEEP)-TAB(N,K,KEEPI)*SQRT(t(RY-SUBI 272
ITAB(N,2,KEEP)**2+(ZY-TABNLKEEP))**2)/((TAB(N+1,2,KEEP)-TAB(N,2SUBI 273
1,KEEP))**2+(TAB(N+1 ,KEEP)-TAB(N,1,KEEP))**2)) SUBI 274
NO=75 SUB1 275
CALL OVCHK(KQ) SUBI 276
IF (KQ.EQ.1) GO TO 940 SUB1 277

75 CONTINUE SUB1 278
GO TO 90 SUB1 279

80 N=MR SUBI 280
ZY=ZI(3) SUB1 281
RY=RX SUB1 282
DO 85 K=3,8 SUBI 283
ANS1(IK)=RARFNINK)+(RARFIN+1,K)-RARF(NK3)*SQRT(t(RY-RARF(N,2)**SUBI 284
12+(ZY-RARF(N,1)**2)/((RARF(N+1,2-RARF(N,21)**2+(RARF(N+1,1)-RARFSUBI 285
I(Ni)l**2)) SUBI 286
NO=85 SUBI 287
CALL DVCHK(KQ) SUB1 288
IF (KQ.EQ.1) GO TO 940 SUB1 289

85 CONTINUE SUBI 290
GO TO 90 SUBI 291

81 N=MS SUB1 292
ZY=ZI(4) SUB1 293
RY=RX SUBI 294
00 86 K=3,8 SUB 295
ANSI(I,K)=SURF(NK)+(SURF(IN+1K)-SURF(N,K )*SQRT(((RY-SURF(N,2t**SUBI 296
12+(ZY-SURF(Ntl,)**2)/((SURF(N+1,2)-SURF(IN,21**2+(SURF(N+1,1)-SURFSUBI 297
1(NtI)**21) SUBI 298



86 CONTINUE SUBI 299
90 CALL DVCHK(NOl SUB1 300

IF (NO.EQ.2) GO TO 92 SUB 301
NO=90 SUBI 302
GO TO 940 SUBI 303

92 ANSI(I,1)=ZY SUBL 304
ANSI(I,2)=RY SUBI 305
GO TO 800 SUBI 306

C SUB1 307
C FIND INTERSECTIONS OF 3 DISCONTINUITIES AND Z GRID LINE SUBI 308
C SUB1 309
300 CONTINUE SUBI 310

KATCHP=O SUBI 311
KATCHR=0O SUB1 312
KATCHT=0O SUB1 313
KATCHS=O SUBI 314
DO 310 K=1,2 SUBI 315
KATCH=O SUB1 316
GO TO (303,301),K SUB1 317

303 NN=NP SUBI 318
GO TO 302 SUBI 319

301 NN=NT SUBI 320
302 JJJ=NN-1 SUBI 321

DO 309 M=1,JJJ SUBI 322
IF ((TAB(M,1,K)-TAB(M+1l1,Kl).GT.1.E-6) GO TO 3030 SUBI 323
GO TO 309 SUB1 324

3030 RI(K)=TAB(M+1,2,KI+(TAB(M,2,K)-TAB(M+1,2,K))*(Z(II)-TAB(M+1,1,Ki)/SUBI 325
1(TAB(NM,,K)-TA8(M+1,K)) SUB1 326
CALL DVCHK(NO) SUB1 327
IF (NO.EQ.2) GO TO 3031 SUBI 328
NO=3030 SUBI 329
GO TO 940 SUB1 330

3031 CONTINUE SUB1 331
IF (M.EQ.JJJI GO TO 3022 SUBI 332
IF (RI(K).GT.TAB(M+12,K).OR.RI(K).LT.TAB(Mt2,K)) GO TO 309 SUB1 333

3022 IF (MCOM.EQ.2) GO TO 305 SUB1 334

161



IF (KATCH.EQ.1) GO TO 304 SUBI .335
KATCH=1 SUB1 336
GO TO 3050 SUBI 337

304 IF ((RX-RI(K)).GT.(RX-RM)) GO TO 309 SUBI 338
3050 RM=RI(Ki SUBI 339

IF (K.EQ.21 GO TO 3040 SUB1 340
MPS=M SUBI 341
KATCHP=1 SUB1 342
GO TO 309 SUBI 343

3040 MTS=M SUB1 344
KATCHT=1 SUB1 345
GO TO 309 SUB1 346

305 CONTINUE SUB1 347
IF (KATCH.EQ.1) GO TO 306 SUB1 348
KATCH=1 SUBI 349
GO TO 3050 SUB1 350

306 IF ((RI(K-RX).GT.(RM-RX)) GO TO 309 SUB1 351

GO TO 3050 SUB1 352
309 CONTINUE SUBI 353

RI(K)=RM SUB1 354
IF (KATCH.NE.O) GO TO 310 SUB1 355
RI(K)=RMAX+1. SUB1 356

310 CONTINUE SUB1 357
K=3 SUB1 358
IF (IRARF.EQ.1)RI(3)=RMAX+1. SUBI 359
IF (IRARF.EQ.1) GO TO 315 SUI8 360
JJJ=NR-1 SUBI 361
KATCH=0 SUB1 362
DO 312 M=1,JJJ SUB1 363
RI(3)=RARFIM+1,21+(R )-R2-RARF(M+1,23)*(II)-RARF(M+1,2'd/(RARSUBI 364

JF(MI)-RARF(M+1,1)) SUB1 365
NO=3122 SUB1 366
CALL DVCHK(KQl SUB1 367
IF (KO.EQ.1) GO TO 940 SUB1 368
IF (M.EQ.JJJ.OR.M.EQ.1) GO TO 3122 SUBI 369
IF (RI(K).GT.RARF(M+1n2).OR.RI(K).LT.RARF(M,2)I GO TO 312 SUB1 370



3122 IF (MCOM.EQ.2 GO TO 316 SUB1 371
IF (KATCH.EQ.1) GO TO 317 SUBI 372
KATCH=1 SUBI 373
GO TO 3051 SUB1 374

317 IF ((RX-RI(K)).GT.(RX-RM)) GO TO 312 SUB1 375
3051 RM=RI(K) SUB1 376

MR=M SUB1 377
KATCHR=1 SUB1 378
GO TO 312 SUB1 379

316 CONTINUE SUB1 380
IF (KATCH.EQ.1) GO TO 318 SUBI 381
KATCH=1 SUBI 382
GO TO 3051 SUB1 383

318 IF ((RI(K)-RX).GT.(RM-RX)) GO TO 312 SUB1 384
GO TO 3051 SUBI 385

312 CONTINUE SUBI 386
RI(K)=RM SUBI 387
IF (KATCH.NEO) GO TO 315 SUBI 388
RI(K)=RMAX+I. SUB1 389

315 CONTINUE SUBI 390
KATCH=0 SUB1 391
JJJ=NP-1 SUB1 392
00 3150 M=1,JJJ SUB1 393
IF ((SURF(Mll-SURF(M+N1,l).GT.1.E-6) GO TO 3130 SUB1 394
GO TO 3150 SUB1 395

3130 RI(4)-SURF(M+1,21+(SURF(M2)-SRURFIM+1,23)*qZ(II-SURF(M+l,1t)/(SURSUB1 396
IF(MI1-SURF(M+nli)) SUBI 397
NO=3130 SUB1 398
CALL DVCHK(KQ) SUB1 399
IF (KQ.EQ.1) GO TO 940 SUBI 400
IF (M.EQ.JJJ) GO TO 3123 SUB1 401
IF (RI(4).GT.SURF(M+N12).OR.RI(4i.LT.SURF(M,2|) GO TO 3150 SUB1 402

3123 IF (MCOM.EQ.21 GO TO 3105 SUB1 403
IF (KATCH.EQ.1) GO TO 3104 SUB1 404
KATCH-1 SUB1 405
GO TO 3109 SUB1 406



3104 IF ((RX-RI(41).GT.(RX-RN)l GO TO 3150 SUB1 407
3109 RM=RI(4) SUB1 408

MS=M SUB1 409
KATCHS=1 SUB1 410
GO TO 3150 SUB1 411

3105 IF (KATCH.EQ.1) GO TO 3106 SUB1 412
KATCH=1 SU81 413
GO TO 3109 SUB1 414

3106 IF ((RI(41-RXI.GT.(RM-RX)i GO TO 3150 SUB1 415
GO TO 3109 SUBI 416

3150 CONTINUE SUB1 417
RI(4)-RN SUBI 418
IF (KATCH.NE.0) GO TO 3107 SUBI 419
RI(4)=RMAX+1. SUB1 420

3107 CONTINUE SUB1 421
IF (KATCHP+KATCHT+KATCHR+KATCHS.EQ.O0 GO TO 485 SUB1 422
ZI(1$=Z(II) SUB1 423
ZI(2)=Z(Ill) SUB1 424
ZI(3)=Z(II)l SUBI 425
ZI4)=Z(II) SUB1 426

C J LOOP FOR LEFT AND RIGHT R GRID LINES SUBI 427
C SUBI 428

DO 700'J=1,2 SUBI 429
IF (J.EQ.2 GO TOI350 SUB1 430

C SUB1 431
C LEFT R GRID LINE SUB1 432
C SUB1 433

JJ=Jl SUB1 434
KEY-0 SUB1 435
00 340 N=194 SUBI 436
IF (R(Jl).GT.RI(NI) GO TO 340 SUB1 437
IF (RI(N).GT.RXI GO TO 340 SUB1 438
IF (KEY.EQ.1) GO TO 330 SUB1 439
KEY=I SUB1 440
KEEP=N SU81 441
GO TO 340 SUB1 442



C SUB1 443
C FIND CLOSEST SUB1 444
C SUB1 445
330 DIFI=RX-RI(KEEP) SUBI 446

DIF2=RX-RI(N) SUB1 447
IF (DIFI.LE.DIF2) GO TO 340 SUBI 448
KEEP=N SUB1 449

340 CONTINUE SUBI 450
GO TO 375 SUBI 451

C SUBI 452
C RIGHT R GRID LINE SUBI 453
C SUBI 454
350 JJ=J2 SUBI 455

KEY=0 SUBI 456
DO 360 N=1,4 SUBI 457
IF (RlJ2).LT.RI(Nl) GO TO 360 SUBI 458
IF (RI(N).LT.RX) GO TO 360 SUBI 459
IF (KEY.EQ.1) GO TO 355 SUBI 460
KEY=1 SUB1 461
KEEP=N SUB1 462
GO TO 360 SUB1 463

355 DIFI=RI(KEEP)-RX SUB1 464
DIF2=RI(N)-RX SUBI 465
IF (DIFl.LE.DIF2) -GO TO 360 SUBI 466
KEEP=N SUB1 467

360 CONTINUE SUBI 468
375 IF (KEY.EQ.1) GO TO 400 SUBI 469
C SUBI 470
C NO POINTS BETWEEN RX AND GRID POINTS SUBI 471
C SUBI 472

ANS2(J,l)=Z(II) SUBI 473
ANS2(J,2)=R(JJI SUBI 474
ANS2(J,3)=XMESH(IIJJ1) SUB1 475
ANS2(J,4)=XnESH(IIJJ,2) SUB1 476
ANS2(J5)=XMESH(IIJJ3) SUBI 477
ANS24J,6)=XMESH(II,JJ,41 SUBI 478
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ANS2(J,7)=XMESH(IIJJ,5) SUBI 479
ANS2(J,8)=XMESH( IlJJ96) SUB1 480
GO TO 700 SUBI 481

C SUB1 482
C POINT FOUND BETWEEN RX AND GRID POINTS SUBI 483
C SUBI 484
400 GO TO (405,410,470,4811KEEP SUBI 485
C SUB1 486
C INTERSECTION ON PROJECTILE SHOCK SUBI 487
C SUB1 488
405 NI-MPS SUB1 489

RY=RI(KEEP) SUBI 490
ZY=Z(II) SUBI 491
GO TO.520 SUB1 492

C SUB1 493
C INTERSECTION ON TARGET SHOCK SUB1 494
C SUBI 495
410 N-1MTS SUBI 496

RY=RI(KEEP) SUB1 497
ZY=Z(II) SUB1 498
GO TO 520 SUBI 499

C SUB1 500
.C INTERSECTION ON RAREFACTION SUB1 501
C SUB1 502
470 N1=MR SUB1 503

RY=RI(KEEPI SUB1 504
ZY=Z(II) SUB1 505
GO TO 520 SUB1 506

C SUB1 507
C INTERSECTION ON FREE SURFACE SUBI 508
C SUBI 509
481 N1=MS SUB1 510

RY=RI(KEEP) SUBI 511
ZY=Z(II) SUB1 512
GO TO 520 SUBI 513

C SUBL 514



C SUB1 515
485 WRITE (3,488) KEEPIIlJJZXRX SUBI 516
488 FORMAT (25HOERROR NEAR STATEMENT 485/1X5HKEEP=,I4,4X3HII=,I4,4X3HJSUBI 517

1J=,I4/IX3HZX=tE15.8t4X3HRX=,E15.8/1H1) SUBI 518
CALL EXIT SUB1 519

C SUB1 520
C FIND TABLE VALUES SUBI 521
C SUB1 522
520 IF (KEEP.EQ.31 GO TO 580 SUB1 523

IF (KEEP.EQ.4) GO TO 591 SUB1 524
DO 550 N=3,8 SUB1 525
ANS2(JtN)=TAB(NINKEEP)+(TAB(N1+1,NKEEP)-TAB(N1,N,KEEPIt*SQRT(((SUBI 526
IRY-TAB(NI,2,KEEP))**2+(ZY-TAB(NI,1,KEEP3)**21/((TAB(N+1,2,KEEPI-TSUBI 527
1A8(NI,2,KEEPI)**2+(TAB(N1+1it1KEEP)-TAB(NlleKEEP))**2)) SUBI 528

550 CONTINUE SUB1 529
IF (ZX.LT.O..AND.ABS(RX-RADIUS).LT.1.E-6) GO TO 552 SUB1 530
IF (RX.LT.RADIUS.OR.ABS(Z(II)).GT.1.E-61 GO TO 551 SUB1 531

552 CONTINUE SUBI 532
ANS2(Jt3)-O. SUB1 533
ANS2(J 6)=RHOSTR SUB1 534
ANS2(J,7)=O. SUB1 535
ANS2(J8)=SQRT(BIGAPR/RHOSTR) SUB1 536

551 CONTINUE SUBI 537
GO TO 600 SUB1 538

580 DO 590 N=3,8 SUB1 539
ANS2(JN)=RARF(N1,NI+(RARF(NI+1,N)-RARF(N1,N)s*SQRT((IRY-RARF(NI,2SUBI 540
11)**2+(ZY-RARF(Nll))**)N 2,2)**2+(RARF(N1+SUBI 541
I1,)-RARF(N1,ll**21) SUBI 542

590 CONTINUE SUB1 543
GO TO 600 SUB1 544

591 00 592 N=3,8 SUB1 545
ANS2(JN)=N)+((NN)+(SURF(N+1N-SURF(N,N))*SQRT(((RY-SURF(N,2SUBI 546
ll)**2+(ZY-SURF(N11ll))**2)/((SURF(IN1+t2)-SURFIN1,2)**2+(SURFIN1+1SUB1 547
1,l)-SURFIN19)11**2)) SUB1 548

592 CONTINUE SUBI 549
600 CALL DVCHK(NOI SUB1 550



IF (NO.EQ.2) GO TO 605 SUBI 551
NO=600 SUBI 552
GO TO 940 SUB1 553

605 ANS2(J,1)=ZY SUB1 554
ANS2(J,2)=RY SUBI 555

C SUBI 556
C END OF LOOP FOR BOTH R GRID LINES SUBI 557
C SUB1 558
700 CONTINUE SUB1 559
C SUB1 560
C INTERPOLATE FOR UPPER AND LOWER VALUES SUB1 561
C SUB1 562

DO 720 J=3,8 SUBI 563
ANSI(I,JI=ANS2(1,J)+(ANS2(2,JI-ANS2(1,J))*tRX-ANS2(1,2))/(ANS2(2,2SUB1 564
1)-ANS2(1,21) SUB1 565

720 CONTINUE SUB1 566
CALL DVCHK(NOI SUB1 567
IF (NO.EQ.2) GO TO 730 SUBI 568
NO=720 SUBI 569
GO TO 940 SUB1 570

730 ANS1(Ii)=Z(II) SUB1 571
ANSI(I,2)=RX SUBI 572

C SUB1 573
C END OF LOOP FOR BOTH Z GRID LINES SUB1 574
C SUB1 575
800 CONTINUE SUBI 576
C SUB1 577
C FIND FINAL VALUES SUBI 578
C SUBI 579

00 810 J=1,6 SUB1 580
ANS(J)=ANSI(1,J+2)+(ANSI(2,J+2)-ANS1(1,J+2)i*(ZX-ANSI(1,1))/(ANSI(SUB1 581
12,1)-ANS1(1i1)t SUB1 582

810 CONTINUE SUB1 583
CALL DVCHK(NOI SUB1 584
IF (NO.EQ.o2) GO TO 820 SUBI 585
NO=810 SUB1 586



GO TO 940 SUBI 587

820 RETURN SUBI 588

C SUB1 589

940 WRITE (3,942) SUB1 590

942 FORMAT (35HODIVIDE CHECK ERROR IN SUBR. DBLTRP) SUB1 591

950 WRITE (3,952) NOZXtRX,It,JItKEEPZIRI SUB1 592

952 FORMAT (19H NEAR STATEMENT NO.,I4/1X3HZX=,E15.8t4X3HRX=,E15.8/1X3HSUBI 593
[ll=,I4,4X3HJI=,14,4X5HKEEP=,I4/1X3HZI=,4E18.8/1X3HRI=,4E18.8) SUB1 594

WRITE (3,9551 ((ANSI(IJ),J=1,8),I=1,2),((ANS2(I,J),J=I,8),I=1,2) SUB 595

955 FORMAT (IX5HANSI=/8E16.8/8E16.8/1X5HANS2=/8E16.8/8E16.8/lHIl SUB1 596

XYZ=-2. SUBI 597

ZYX=SQRT(XYZ) SUBI 598

CALL EXIT SUBI 599

RETURN SUBI 600

END SUB1 601

SUBROUTINE SHOCK SUB2 1

C COMPUTES SHOCK VALUES SUB2 2

COMMON CASEID(14I),ITSIITTS4,ITIItIT12,1TI3,ITI4,EPSIEPSSUB2 3

12,EPS3tEPS4,EPS5,EPS6,EPI1 EPI2,EPI3,EPI4,EPIStEPI6,EPIT[VPARLENSUB2 4

LGTHAPRBPRBIGAPRBIGBPR,ESTARALPHAtBETARHOSTR,EPRSRHOS SUB2 5

COMMON XMESH(20,206),XMESH2(20,2t0,6) Z(20),R(20),SURF(15,83,SURF2SUB2 6

1(15,8),TAB(151,4t2)tTA82(15t,142),SPART(15,22hRARF(15,11),RARF2(SUB2 7

115,4),RPART(15,2) SUB2 8

C SUB2 9

COMMON ZO,ROtPOUOVO,LO,MO,RHOOtEOAO,UBAROVBARO SUB2 10

C SUB2 11

COMMON NPNTNRNINDELISUB SUB2 12

C SUB2 13

COMMON ZMINZMAXRMINRMAX,RADIUSGZGRDELTAH SUB2 14

COMMON DIRCOS SUB2 15

COMMON TIME SUB2 16

COMMON IRARF SUB2 17

COMMON KSTOP SUB2 18

COMMON TPSI SUB2 19

COMMON KKK SUB2 20

C SUB2 21



REAL LO,MO,LENGTH,MUKO SUB2 22
C SUB2 23

DIMENSION ANS46) SUB2 24
EXTERNAL FGOF1 SUB2 25
EPS=.0000001 SUB2 26

C SUB2 27
C BEGIN SHOCK POINT COMPUTATIONS SUB2 28

00 505 K=1,2 SUB2 29
GO TO (158,160),K SUB2 30

158 NN=NP SUB2 31
GO TO 162 SUB2 32

160 NN=NT SUB2 33
VBARS=O. SUB2 34

162 00 500 I=1,NN SUB2 35
MPROJ=0O SUB2 36
IF (TAB(I,14,K).LT.O.) GO TO 500 SUB2 37

164 CONTINUE SUB2 38
C SUB2 39
C INITIALIZE TO ITERATE ON 1 SHOCK POINT SUB2 40

C SUB2 41
NBIC=O SUB2 42
ZO=TAB241,1,K) SUB2 43

RO=TAB2(I,2,K) SUB2 44
PO=TAB(It3,K) SUB2 45
UO=TAB(I,4,K) SUB2 46
VO=TAB(I,5,K) SUB2 47
RHOO=TAB(I,6,K) SUB2 48
EO=TAB(I,7,K) SUB2 49
AO=TAB(I,8,K) SUB2 50
LO=TAB(II,9K) SU82 51
MO=TAB(I,10,K) SUB2 52
UBARO=TAB(I,11,K) SUB2 53

VBARO=TAB(I912,K) SUB2 54
UTOH=TAB(ll3,K) SUB2 55

UTO=UTOH SUB2 56
ITS44=ITS4 SUB2 57



IF (IRARF.EQ.1) GO TO 170 SUB2 58
M=1-(NR-21*(K-2) SUB2 59

FF=RO-RARF2(M+1,2)-(RARF2(M,2)-RARF2(M+1,2)*(ZO-RARF2(M+1,1))/WRASUB2 60
1RF2(M,1)-RARF2(M+1,L)) SUB2 61

169 CONTINUE SUB2 62
IF (FF.LT..O01) GO TO 350 SUB2 63

170 IF (I.NF.1) GO TO 180 SUB2 64

MO=TAB(I 10,K) SUB2 65

LO=O. SUB2 66
GO TO 190 SUB2 67

180 IF (I.LT.NN) GO TO 184 SUB2 68
UP=H*(TABII-1ll3,K)-TAB(1I13,K)) SUB2 69

TMP=SQRT((TAB2(I-1,2,K)-RO)**2+(TAB2(I-1,1,K)-ZO)**2) SUB2 70

DOMEG=UP/TMP SUB2 71

GO TO 186 SUB2 72

184 ORI=TAB2(l+1,2,K)-RO SUB2 73
DR2=RO-TAB2(I-1,2,K) SUB2 74

DZI=TAB2(I+1,1,K)-ZO SUB2 75

OZ2=ZO-TAB2(I-1,1,K) SUB2 76

UP=H*(TAB(I-1,13,K)-TABl+1',13,K)) SUB2 77

TMP=SQRT(DR1**2+0DZ1*2)+SQRT(DR2**2+DZ2**2) SUB2 78

DOMEG=UP/TMP SUB2 79
KICK=184 SUB2 80

CALL DVCHK(KQ) SUB2 81
IF (KQ.EQ.1) GO TO 9980 SUB2 82

C SUB2 83

C COMPUTE NEW LO,MO SUB2 84

C SUB2 85

186 COMEG=COS(DOMEG) SUB2 86

SOMEG=SIN(DOMEG) SUB2 87

XLO=LO*COMEG+MO*SOMEG SUB2 88

XMO=MO*COMEG-LO*SOMEG SUB2 89

LO=XLO SUB2 90
MO=XMO SUB2 91

IF (PO.GT..0025) GO TO 190 SUB2 92

PO=O. SUB2 93



UO=0. SUB2 94

VO=VP*(1.-(-I.I**K)/2. SUR2 95

RHOO=RHOSTR SUB2 96

EO=O. SUB2 97

AO=SQRT(BIGAPR/RHOSTRI SUB2 98

UBARO=MO*VO SUB2 99

VBARO=VBARS SUB2 100

UTO=UBARO+AO*(-1.I**K SUB2 101

GO TO 350 SUB2 102

190 ITS33=ITS3 SU82 103

C SUB2 104

C FIND GUESS TO START ITERATION SUB2 L05
C SUB2 106

195 CALL GUESS(1tKOD29Z0,ROtl,KZZRR,0Z,DR) SUB2 107

IF (KOD2.EQ.1) GO TO 200 SUB2 108

WRITE (3,198) I,KZO,RO SUB2 109

WRITE (3,7002) ZZRR,DZ,DR SU82 110

198 FORMAT (31HONO GUESS FOUND FOR SHOCK POINT/3HOI=,I4,6X2HK=,I4,10X3SUB2 111

IHZO=,E15.8,IOX3HRO=,E15.8/1HI) SUB2 112

CALL EXIT SU82 113

200 CONTINUE SUB2 114

KY=K SUB2 115

NTW=O SUB2 116

IF (K.EQ.2) GO TO 201 SUB2 117

VBARS=VP*LO SUB2 118

DIRCOS=-MO SUB2 119

GO TO 203 SUB2 120

201 DIRCOS=MO SUB2 121

203 CONTINUE SUB2 122

CALL NRIT2(ZI,RI,ZZ,DZ,RR,DR,EPSIEEPS2,FGOFI,ITSKODE) SUB2 123

IF (KODE.EQ.0) GO TO 205 SUB2 124

C SUB2 125

C BICHARACTERISTIC SELECTION SCHEME SUB2 126

C SUB2 127

IF (NBIC.EQ.0) GO TO 204 SUB2 128

IF (NTW.EQ.8)KYKY+l SUB2 129



IF (NTW.GT.21) GO TO 7000 SUB2 130
ANGI=ANGI+DTPSI*(-1.I**KY SUB2 131
DIRCOS=SIN(ANG1) SUB2 132
LO=COS(ANGI) SUB2 133
NTW=NTW+I SUB2 134
GO TO 203 SUB2 135

204 CONTINUE SUB2 136
NBIC=1 SUB2 137
CALL DBLTRP(ZZ,RR,ANS) SUB2 138
UA=ANS(2) SUB2 139
VA=ANS43) SUB2 140
AA=ANS(6) SUB2 141
ZZZ=ZZ+DZ SUB2 142
CALL DBLTRP(ZZZ,RRtANS) SUB2 143
UB=ANS(2) SU82 144
VB=ANS43) SUB2 145
AB=ANS6) SUB2 146
RRR=RR+DR SUB2 147
CALL DBLTRP(ZZRRR,ANS) SUB2 148
UC=ANS(2) SUB2 149
VC=ANS(3) SUB2 150
AC=ANS(6) SUB2 151
MM=O SUB2 152
TPSI=1.5708*(-1. !*K SUB2 153
XB=ZZ SUB2 154
YB=RR SUB2 155
NOM=5 SUB2 156
CA=NOM SUB2 157

6201 DTPSI=.01745 SUB2 158
DTPSI=CA*DTPSI SUB2 159
TPSI=TPSI+DTPSI*(-1.)**K SUB2 160
Al=1.+H*(VB-VA+(AB-AAI*SIN(TPSI)/DZ SUB2 161
81=H*(VC-VA+(AC-AA)*SIN(TPSI ) )/DR SUB2 162
CI=-(ZZ-ZO+H*(VA+AA*SINITPSIII) SUB2 163
A2=H*(UB-UA+(AB-AA)*COSITPSII)/DZ SUB2 164
B2=1.H*(UC-UA+(AC-AA*COS(TPSI)I/DR SUB2 165



C2=-(RR-RO+H*(UA+AA*COS(TPSI))) SUB2 166
DET=A1*B2-2*B1 SUB2 167
DELX=(R2*CI-BI*C2) DET SUB2 168
DELY=(A*C2-A2*CL1)/ET SUB2 169

C SUB2 170
C TEST FOR SAME REGION SUB2 171
C SU82 172

XBI=XB+DELX SUB2 173
YBI=YB+DELY SUB2 174
M=COMP(XBYB,XBI,YB1) SUB2 175
IF (M.EQ.1) GO TO 6203 SUB2 176
MM=MM+1 SUB2 177
IF (MM.LT.360/NOM) GO TO 6201 SUB2 178

7000 WRITE (3,700L) SUB2 179
7001 FORMAT (41HOBICHARACTERISTIC SELECTION SCHEME FAILED) SUB2 180

WRITE (3,614) ZO,RO SU82 181
614 FORMAT (lX5HZO =,FL5.8,4X5HRO =,E15.8) SUB2 182

WRITE.(3,7002) UAtVAtAA,UBVBtABUC,VCACZZDZRRDRANGI SUB2 183
7002 FORMAT (4E16.8) SUB2 184

CALL EXIT SUB2 185
6203 CONTINUE SUB2 186

WRITE (3,6210) SUB2 187

6210 FORMAT (53HOBICHARACTERISTIC SELECTION SCHEME EMPLOYED BY SHOCKX) SUB2 188
6204 ANGI=TPSI SUB2 189

TL=DIRCOS SUB2 190
T2=LO SUB2 191
DIRCOS=SIN(ANG1) SUB2 192
LO=COS(ANGL) SUB2 193
GO TO 203 SUB2 194

205 CONTINUE SUB2 195
UBARS1=0. SUB2 196
IF (K.EQ.1)UBARSI=MO*VP SUB2 197

CALL DBLTRP(Z1,R1,ANS) SUB2 198
Pl=ANS(1) SUB2 199
UI=ANS(2) SUB2 200
VI=ANS(3) SUB2 201



RHO1=ANS(4) SUB2 202

E1I=ANS(S) SUB2 203

Al=ANS(6) SUB2 204AI=ANS(6) SUB2 204

206 CONTINUE SUB2 205
KICK=205 SUB2 206
CALL DVCHK(KQ) SUB2 207
IF (KQ.EQ.1) GO TO 9980 SUB2 208
IF (NBIC.EQ.0) GO TO 207 SUB2 209

7003 SINTH=ABS(DIRCOS) SUB2 210

COSTH=ABS(LOI SUB2 211
DIRCOS=Tl SUB2 212
LO=T2 SUB2 213

207 CONTINUE SUB2 214

UBAR1=LO*UI+MO*V1 SUB2 215
IF (K.EQ.2) GO TO 208 SUB2 216

IF (UBARI.LT.VP/2.) GO TO 208 SUB2 217

UBARI=UBARSI-UBARI SUB2 218

208 CONTINUE SUB2 219

218 CONTINUE SUB2 220
M1=PART(1,ZI,R1,ZZ,RR,DELTANDEL) SUB2 221

IF (MI.EQ.1) GO TO 210 SUB2 222

PUR=O. SUB2 223

PVR=O. SUB2 224

GO TO 215 SUB2 225

210 CALL DBLTRP(ZZ,RRANS) SUB2 226

DP=RR-R1 SUB2 227

PUR=(ANS(2)-U1)/DP SUB2 228

219 CONTINUE SUB2 229

PVR=(ANS(3)-VI)/DP SUB2 230

215 M1=PART(2,tZI,R1ZZRRDELTANDEL) SU82 231

IF (M1.EQ.1) GO TO 220 SUB2 232

PUZ=0. SUB2 233

PVZ=0. SUB2 234

PAZ=O. SUB2 235

GO TO 225 SUB2 236

220 CALL DBLTRP(ZZRRANS) SUB2 237



OP=ZZ-Zl SUB2 238
PUZ=(ANS( 2 )-U ) /DP SUB2 239
PVZ=(ANS(3)-VL)/DP SU62 240

225 CONTINUE SUB2 241
IF (NBIC.EQ.1) GO TO 7004 SUB2 242
PURBL=LO*PUR+MO*PVR SUB2 243
PVRBl=LO*PVR-MG*PUR SUB2 244
PVZB1=LO*PVZ-MO*PUZ SUB2 245
PVEB1=-MO*PVRB1+LO*PVZB SUB2 246
SBARI=PVEB1 SUB2 247

226 CONTINUE SUB2 248
IF (ABS(R),.LE.EPS) GO TO 235 SUB2 249
SBARL=SBARI+Ul/Rl SUB2 250
GO TO 240 SUB2 251

7004 CONTINUE SUB2 252
IF (VL.GT.VP/2..AND.K.EQ.I)VI=VP-V1 SUB2 253
SBARI=SINTH**2*PUR-SINTH*COSTH*(PUZ+PVR)+COSTH**2*PVZ SUB2 254
GO TO 226 SUB2 255

235 SBARI=SBARL+PUR SUB2 256
C SUB2 257
C SUB2 258
240 ITS22=ITS2 SUB2 259

MMM=O SUB2 260
250 CONTINUE SUB2 261

CALL EQOSStPFR,PFE) SUB2 262
BIGAI=RHOI*A1 SUB2 263
KICK=250 SUB2 264
CALL DVCHKIKQ) SUB2 265
IF (KQ.EQ.1) GO TO 9980 SUB2 266
TEMP=1.-RHOSTR/RHOO SUB2 267
TMP=SQRT(PO*TEMP/RHOSTR) SUB2 268
IF (K.EQ.2) GO TO 251 SUB2 269
IF (TMP.LT.VP/2.) GO TO 251 SUB2 270
MPROJ=1 SUB2 271
TMP=UBARS1-TMP SUB2 272

251 CONTINUE SUB2 273



TMP6=TMP SU'? 274

256 CONTINUE SUP2 275

FNBIC=NRIC SU?2 276

TMPl=PL+BIGA1*tJARI-RHCOI*H*SARI*Al**2+IGAI*(-UBARI+COSTH*UI+SlNTSUB2 277

1H*V1-SINTH*LO*VRARS+COSTH*MO*VBARS)*(FNBIC) SUB2 278
TMP2=PFP*TEMP+PO*RHOSTR/RHOO**2 SUR2 217
TMP.=PFE*TFMP SUB2 28:)

GTMP=-RHOI*Al SUR2 281

IF (NBIC.EO.O) GO TO 259 SUB2 282

GTMP=GTMP*(COSTH*LO+SINTH*MO) SUR2 283

259 CONTINUE SUB2 234
BIGG=PO-(GTMP*TMP+TMPI) SUB2 2b5

PGR=PFR-((GTMP*TMP2)/(2.*RHOSTR*TMP6)) SUB2 286

PGE=PFE-((GTMP*TMP5)/(2.*RHOSTR*TMPb)) SUB2 287

265 TMP=.5*(I./RHOSTR-1./RHOO) SUB2 288

BIGH=EO-TMP*PO SUB2 289
PHR=-TMP*PFR-.5*PO/RHOO**2 SUB2 290

PHF=1.-TMP*PFE SUB2 291
IF (ABS(RIGH).GT..0001) GO TO 267 SUB2 292

BIGH=O. SUB2 293

267 IF (ABS(BIGGI.GT..001) GO TO 269 SUB2 294

BIGG=0. SUB2 295

269 CONTINUE, SUB2 296

C SUB2 297

C COMPUTE DELTA EODELTA RHOO SUB2 298

C SUB2 299

DOWN=PGE*PHR-PGR*PHE SUB2 300

OEO=(-BIGG*PHR+BIGH*PGR)/DOWN SUB2 301

DRHOO=(-BIGH*PGE+BIGG*PHF)/DOWN SUB2 302

C SU82 303

EO2=EO+OEO SUB2 304

IF (EO2.LT.O.)EO2=0. SUB2 305

RHOO2=O+DR HOO SUB2 306

IF (RHOO2.LT.RHOSTR)RHOO2=RHOO SUB2 307

KICK=265 SUB2 308

CALL DVCHK(KQ) SUB2 309



IF (KQ.EQ.1) GO TO 9980 SUB2 310
CALL EQOSP(RHOO2,E02,P02) SUB2 311
UBARO2=(1.-RHOSTR/RHOO2)*(PO2/RHOSTR) SUB2 312
IF (UBARO2.GT.O.) GO TO 2669 SUB2 313
WRITE (3,2700) P02,RHOO2,EO2,RO,ZO SUB2 314
WRITE (3,7002) PIUlVItRHO1,E1*ZlTR1,SBARI SUB2 315

2700 FORMAT (4E16.8) SUB2 316
2669 CONTINUE SUB2 317

UBARO2=SQRT(UBARO2) SUB2 318
IF (EO2.LT.I.E-5) GO TO 273 SUB2 319
IF (ABS((E02-EO)/E02).LT.EPS4) GO TO 273 SUB2 320
IF (ABS(DEOI.GT..01*EPS4) GO TO 275 SUB2 321

273 IF (ABS((RHO02-RHOO)/RHO02).LE.EPS3I GO TO 285 SUB2 322
IF (ABS(DRHOO).LT.EPS3) GO TO 285 SUB2 323

275 ITS22=ITS22-1 SUB2 324
IF (ITS22.GT.0) GO TO 280 SUB2 325
WRITE (3,278) ITS2 SUB2 326

278 FORMAT (35HOE AND RHO FAILED TO CONVERGE AFTERI4,6H TRIES) SUB2 327
WRITE (3,2791 I,KZOtROEORHOO,P0tEO2,RHOO02P02 SUB2 328

279 FORMAT (1X2HI=,I4,4X2HK=,I4'/1K4HZO =tE15.8,4X4HRO =-EI5.8,4X4HEO =SUB2 329
1,E15.8,4X6HRHOO =,E15.8,4X4HPO =,E15.8/1X4HEO2=tE15.8,4X6HRHOO2=,ESUB2 330
115.8,4X4HPO2=,E15.8/lHl) SUB2 331
STOP SUB2 332

280 EO=E02 SUB2 333
RHOO=RHOO2 SUB2 334
PO=P02 SUB2 335
UBARO=UBAR02 SUB2 336
GO TO 250 SUB2 337

285 EO=EO2 SUB2 338
RHOO=RHO02 SUB2 339
UBARO=UBAR02 SUB2 340
AO=SQRT(PFR+PO2*PFE/RHOO**2) SUB2 341

C SUB2 342
C SUB2 343

CALL OVCHK(KQI SUB2 344
KICK=285 SUB2 345



IF (KQ.EQ.1) GO TO 9980 SUB2 346
IF (K.EQ.2) GO TO 286 SUB2 347
VBARO=VP*LO SUB2 348
GO TO 287 SUB2 349

286 VBARO=O. SUB2 350
287 CONTINUE SUB2 351
295 PO=P02 SUB2 352

IF (K.EQ.2) GO TO 296 SUB2 353
UBARO=UBARS1-UBARO SUB2 354

296 CONTINUE SUB2 355
UTO=(RHOO*UBARO-RHOSTR*UBARSI)/(RHOO-RHOSTRI SUB2 356
VO=MO*UBARO+LO*VBARO SUB2 357
UO=LO*UBARO-MO*VBARO SUB2 358
UBAR=.5*(UTOH+UTOI SUB2 359
IF (ABS((UBAR-UTOH)/UBAR).LE.EPS6) GO TO 350 SUB2 360
IF (ABS(UBAR-UTOH).LT.EPS6) GO TO 350 SUB2 361
ITS44=ITS44-1 SUB2 362
IF IITS44.GT.O) GO TO 325 SUB2 363
WRITE (3,297) ITS4,UTOH,UTO SUB2 364

297 FORMAT (30HOUBAR FAILED TO CONVERGE AFTER,14,6H TRIES/lX5HUTOH=,EISUB2 365

15.8,4X4HUTO=,E15.8) SUB2 366
CALL EXIT SUB2 367
WRITE (3,279) ItKZOROEORHOO9POtEO2,RHOO2,PO2 SUB2 368

C SUB2 369
C INIT. FOR MORE U BAR ITERATIONS SUB2 370
C SUB2 371
325 UTOH=UBAR SUBZ 372

AVMO=(TAB(il10,K)+MO)*.5 SUB2 373
AVLO=(TAB(I,9,K+LO)*.5 SUB2 374

ZO=TAB( IllK)+UBAR*H*AVMO-VBARS*AVLO*H SUB2 375
RO=TAB(I,2,K)+UBAR*H*AVLO-VBARS*AVMO*H SUB2 376
LO=AVLO SUB2 377
MO=AVMO SUB2 378
GO TO 195 SUB2 379

C SUB2 380
C ONE SHOCK POINT HAS CONVERGED SUB2 381



C SUB2 382
350 TAB2(I,1,K)=ZO SUB2 383

TAB2(l 2,K)=RO SUB2 384
TA82( I3,K)=PO SUB2 385
TAB2 41,4K)=UO SUB2 386
TAB2(I ,5K)=VO SUB2 387
TAB2(I,6,K)=RHOO SUB2 388
TAB2( I,7K)=EO SUB2 389
TAB21 ,8,K)=AO SUB2 390
TAB2(I,9,K)=LO SUB2 391
TAB2( 1,10K)=MO SUB2 392
TAB2( 1,1,K)=UBARO SUB2 393
TAB2(I ,l2,K)=VBARO SUB2 394
TAB2(t,13,K)=UTO SUB2 395
KICK=500 SUB2 396
CALL DVCHK(KQl SUB2 397
IF (KQ.EQ.1) GO TO 9980 SUB2 398

C SUB2 399
C SUB2 400
500 CONTINUE SUB2 401
505 CONTINUE SUB2 402

RETURN SUB2 403
9980 WRITE (3,9985) KICK SUB2 404
9985 FORMAT (32HODIVIDE CHECK NEAR STATEMENT NO.,1515H IN SUBR. SHOCK/SUB2 405

11Ht) SUB2 406
CALL EXIT SUB2 407
RETURN SUB2 408
END SUB2 409
SUBROUTINE FGOF1(ZX*RXSSQQ) SUB3 I

C SUB3 2
C COMPUTES SLQ11 FOR SHOCK LINE SUB3 3
C ITERATION FOR Z1,R1 SUB3 4
C SUB3 5

COMMON CASEIO(14),ITSIITS2,ITS3,ITS4,ITIIT12,ITI3,IT1T4EPSIEPSSUB3 6
12,EPS,EPS4EPSE PS69EE16,IEPI1,EPI2EPI3EPI4EPISEPI6EPITVPARLENSUB3 7
1GTHAPRIBPR,8IGAPRBIGBPRESTAReALPHAeBETARHOSTREPRS.RHOS SUB3 8

76c2



COMMON XMESH(20,20,6),XMESH2(20,20,6hZ(20),R(20),SURF(15,8),SURF2SUB3 9
1(15,81,TAB(15,14,2),tTAB2(15I4,2)tSPART(15#,2,21RARF(15,11),RARF2(SUB3 10
115,4),RPART(15,2) SUB3 11

C SUB3 12
C SUB3 13

COMMON ZOROPOUOVOtLOMOtRHOOEOAOtUBAROVBARO SUB3 14
C SUB3 15

COMMON NPNTNRNINDELISUB SUB3 16
C SUB3 17

COMMON ZMIN,ZMAX,RMIN,RMAXRADIUS,GZGR,DELTAH SUB3 18
COMMON DIRCOS SUB3 19
COMMON TIME SUB3 20
COMMON IRARF SUB3 21
COMMON KSTOP SUB3 22
COMMON TPSI SUB3 23
COMMON KKK SUB3 24
REAL LOMO,LENGTHMUKO SUB3 25

C SUB3 26
DIMENSION ANS46 SUB3 27

C SUB3 28
REAL LO,MO SUB3 29
CALL DBLTRPIZX,RXtANS) SUB3 30
Ul=ANS(2) SUB3 31
V1=ANS(3) SUB3 32
AI=ANS(6) SUB3 33
SS=ZX-ZO+H*(VI+AI*DIRCOS) SUB3 34
QQ=RX-RO+H*(Ul+AI*LO) SUB3 35
RETURN SUB3 36
END SUB3 37
SUBROUTINE INTER SU84 1

C COMPUTES INTERIOR REGION POINTS SUB4 2
COMMON CASEID(14),ITSI,ITS2,ITS3,ITS4,1TIItIT12,1TI3,1TI4,EPSI,EPSSUB4 3
12,EPS3,EPS4,EPS5,EPS6,EPII EPI2,EPI3,EPI4,EP.15,EPI6, EPIT7VPARLENSUB4 4
1GTHKAPR,BPR*BIGAPR BGBPRPRESTARtALPHABETARHOSTREPRSRHOS SUB4 5
COMMON XMESH(20,20,6),XMESH2(20,206)Z20,R(20R(20,SURF(158)SURF2SUB4 6
1(15,8),TAB(15t142) ,TAB2(15,14,2),SPART(15,2,2b)RARF(15,l1),RARF2(SUB4 7



115,4),RPART( 15,2 SUB4 8
C SUB4 9
C SUB4 10

COMMON ZOROtPOUO,VO,LOMOtRHOOtEOAOtUBAROVBARO SUB4 11
C SUB4 12

COMMON NPNTtNRNI,NDEL*ISUB SUB4 13
C SUB4 14

COMMON ZMIN,ZMAXRINRMAXtRADIUSGZGRDELTAH SUB4 15
COMMON DIRCOS SU84 16
COMMON TIME SUB4 17
COMMON IRARF SUB4 18
COMMON KSTOP SUB4 19
COMMON TPSI SUB4 20
COMMON KKK SUB4 21

C SUB4 22
C SUB4 23

REAL LOMOLENGTHMU9KO SUB4 24
DIMENSION ANS(61,LL(3hZI(11),RI(11,tPI(11),UI(11I,VI(11,RHOI(11)SUB4 25
ItEIlliAI(11),PUR(11,PVR(11PAR(lliPUZ(11,PVZ(11,PAZIIhtPSISUB4 26
1(7),SPSI(ll11CPSI(11)S11l) SUB4 27

C SUB4 28
EXTERNAL FGOFI,FGOF5 SUB4 29
INTEGER CHECKtCHECK2 SUB4 30

C SUB4 31
I FORMAT (1HI) SUB4 32

EPS=.0000001 SUB4 33
DO 905 J=1,20 SUB4 34
00 900 I=1,20 SUB4 35
M=TEST(Z(I),R(JI) SUB4 36
ZO=Z(I) SUB4 37
RO=R4J) SUB4 38
KICK=1 SUB4 39
CALL DVCHK(KQ) SUB4 40
IF (KQ.EQ.1) GO TO 9980 SUB4 41
IF (M.EQ.3.AND.ZO.LT.EPS.AND.ABS(RO-RADIUS).LT.EPS)M=1 SUB4 42
IF (M.NE.1) GO TO 900 SUB4 43



DO 2 L=19NP SUB4 44
IF (TAB(L,14,1).LT.O.) GO TO 20 SUB4 45

2 CONTINUE SUB4 46
IF (IRARF.EQ.1) GO TO 20 SUB4 47

DO 3 N=1,NR SUB4 48
IF (R(J).GT.RARF(N,2)) GO TO 5 SUB4 49

3 CONTINUE SUB4 50

GO TO 6 SUB4 51

5 CONTINUE SUB4 52
M=PICK(Z(?,R(J),3) SUB4 53

FF=R(J)-RARF(M+N1,2-(RARF(M,2)-RARFF((2M+12I*4Z(II-RARFiM+1,I1))/RASUB4 54

1RF(M, l-RARFMN+1.1)) SU84 55

IF (FF.GT.0. GO TO 20 SUB4 56

6 CONTINUE SUB4 57

P02=RARF(1,3) SU84 58

U02=RARF(1,4) SUB4 59

V02=RARF(lS5) SUB4 60

RHOO2=RARF(1,6) SUB4 61

EO2-RARF( 1,7 SUB4 62
A02=RARFIlt8i SUB4 63

GO TO 870 SUB4 64

20 CONTINUE SUB4 65

CALL GUESS(2,KODtZORO,I,JtZZtRRDZtDR) SUB4 66

IF (KOD.EQ.11 GO TO 580 SUB4 67

WRITE (3,575 IJZO,0RO SUB4 68

575 FORMAT (41HONO GUESS FOUND FOR INTERIOR REGION POINT/3HOI1=I46X2HKSUB4 69

1=l [.1OX3HZO=tE15.8,1OX3HRO=,E15.8/IHI SUB4 70

CALL EXIT SUB4 71

580 CALL DBLTRP(ZZRRANSl SUB4 72

C SUB 73

C INITIALIZE FOR 1 POINT SUB4 74

C SUB4 75
PSI(1)i0. SUB4 76

PSI(3)=1.0472 SUB4 77

PSI(4)'2.0944 SUB4 78
PSI(6)=4.18879 SUB4 79



PSI(7)=5.23599 SUB4 80
NBIC=O SUB4 81
IT22=IT12 SUB4 82
PO=ANS(1) SUB4 83
UO=ANS(2) SUB4 84
VO=ANS(3) SUB4 85
RHOO=ANS(41 SUB4 86
EO=ANS(5) SUB4 87
AO=ANS(6) SUB4 88
KICK=580 SUB4 89
CALL DVCHK(KQI SUB4 90
IF (KQ.EQ.1) GO TO 9980 SUB4 91

590 IF (ABS(RO).GT.EPS) GO TO 594 SUB4 92
L1=1 SUB4 93
LL(1)=4 SUB4 94
LL(21=6 SUB4 95
LLL=2 SU84 96
GO TO 620 SUB4 97

C SUB4 98
C SUB4 99
594 IF 4ABS(RO-RADIUS).GT.EPSl GO TO 600 SUB4 100

IF (ZO.GT.EPS) GO TO 610 SUB4 101
L1=2 SUB4 102
LL(1)=3 SUB4 103
LL(2)=7 SUB6 104
LLL=2 SUB4 105
GO TO 620 SUB4 106

600 IF (RO.LE.RADIUS.OR.ABS'(ZO).GT.EPS) GO TO 610 SUB4 107
L1=3 SU84 108
LL(1=6 SUB4 109
LL(2)=7 SUB4 110
LLL=2 SUB4 111
GO TO 620 SUB4 112

C SUB4 113
C SUB4 114
610 L1=4 SUB4 115

/7 L



LL(1)=1 SUB4 116

LL(2)-4 SUB4 117

LL(3=6 SUB4 118
LLL=3 SUB4 119

C SUB4 120

C ITERATE FOR I VALUES SUB4 121
C SUB4 122

619 CONTINUE SUB4 123
620 00 630 KK-1LLL SUB4 124

LUMP=L1 SUB4 125

ISUB-LL(KKI SUB4 126

621 CONTINUE SUB4 127

TPSI=PSI( I SUB SUB4 128
SPSI(ISUB)ISIN(TPSI) SUB4 129

CPSI(ISUBI=COS(TPSI) SUB4 130

CALL NRIT2(ZI(ISUB),RI(ISUB),llZZOZRRDREPIIEP12,FGOFIITI1,KOOESUB4 131

1) SUB4 132

IF (KODE.NE.0) GO TO 6200 SUB4 133

625 CALL OBLTRP(ZI(ISUB)RI(ISUB),ANS) SUB4 134

PI(ISUB)=ANS(1) SUB4 135

UI(ISUB)=ANS(2) SUB4 136

VI(ISUB)=ANS(3) SUB4 137

RHO(IISUBI=ANS(4) SUB4 138

EI(ISUB)=ANS(5) . SUB4 139

AI(ISUB-)ANS(6) SUB4 140

630 CONTINUE SUB4 141

C SUB4 142

C SUB4 143
KICK=630 SUB4 144

CALL DVCHK(KQI SUB4 145
IF (KQ.EQ.1) GO TO 9980 SUB4 146
GO TO 6400 SUB4 147

C SUB4 148
C BICHARACTERISTIC SELECTION SCHEME SUB4 149

C SUB4 150
7000 WRITE (3,7001) SUB4 151



7001 FORMAT (41HOBICHARACTERISTIC SELECTION SCHEME FAILED SUB4 152
WRITE (3,614) ZORO SUB4 153
WRITE (3,7002) (PSI (NMN)tMNMN=1,7),UAtVAAAUBVBtABtUCtVCACZZtSUB4 154
IDZvRRDRtANG19ANG2 SUB4 155
SUB=ISUB SUB4 156
WRITE (3,7002) SUB,ZI(ISUB),RI(ISUB) SUB4 157

7002 FORMAT (4E16.8) SUB4 158
CALL EXIT SUB4 159

6200 CONTINUE SUB4 160
IF (NBIC.NE0,1 GO TO 7000 SUB4 161
IF (LI.NE.2.0R.LL(1).EQ.1) GO TO 7300 SUB4 162
LL(1)=1 SUB4 163
GO TO 619 SUB4 164

7300 CONTINUE SUB4 165
IF (LI.NE.3) GO TO 7310 SUB4 166
IF (PSI(6).GT.4.2) GO TO 7310 SUB4 167
PSI(61=5.75959 SUB4 168
GO TO 619 SUB4 169

7310 CONTINUE SUB4 170
CALL OBLTRP(ZZRRANS) SUB4 171
UA=ANS42) SUB4 172
VA=ANS(31 SUB4 173
AA=ANS(6) SUB4 174
ZZZ=ZZ+DZ SUB4 175
CALL DBLTRP(ZZZRRvANS) SUB4 176
UB=ANS42) SUB4 177
VB=ANS(3) SUB4 178
AB=ANS(6) SUB4 179
RRR=RR+DR SUB4 180
CALL DBLTRP(ZZRRRtANS) SUB4 181
UC=ANS(2) SUB4 182
VC=ANS(3) SUB4 183
AC-ANS(6) SUB4 184
MM=0 SUB4 185
TPSI-PSI(ISUB) SUB4 186
XB=ZZ SUB4 187



YB=RR SUB4 188
NOM=5 SUB4 189
CA-NOM SUB4 190
DO 6210 LM=12 SUB4 191

6201 OTPSI=.01745 SUB4 192
DTPSI=CA*DTPSI SUB4 193
TPSI=TPSI+0TPSI SU84 194
AI=1.+H*(VB-VA+(AS-AAI*SIN(TPSI))/DZ SUB4 195
.81=H*(VC-VA+(AC-AAI*SIN(TPSI )/DR SU84 196
Cl=-tZZ-ZO+H*(VA+AA*SIN(TPSI))) SUB4 197
A2=H*(UB-UA+(AB-AA)*COS(TPSII)/0Z SUB4 198
82=1.+H*(UC-UA+(AC-AAI*COS(TPSI1)/OR SUB4 199
C2=-(RR-RO+H*(UA+AA*COS(TPSI))) SUB4 200
DETAIl*82-A2*81 SUB4 201
DELX-(B2*CI-81*C2)/DET SUB4 202
DELY=(A1*C2-A2*C11/DET SUB4 203

C SUB4 204
C TEST FOR SAME REGION SUB4 205
C SUB4 206

XB1=XB+DELX SUB4 207
Y81=YB+0ELY SUB4 208
M=COMP(XB,YB,XB81Y81) SUB4 209
IF (LM.EQ.21 GO TO 6700 SUB4 210
IF (M.EQ.1) GO TO-6203 SUB4 211
GO TO 6800 SUB4 212

6700 CONTINUE SUB4 213
IF (M.NE.1) GO TO 6203 SUB4 214

6800 CONTINUE SUB4 215
MMnMMn+ SUB4 216
IF (MM.LE.360/NOMI GO TO 6201 SUB4 217

612 WRITE (3,613 ITII SUB4 218
613 FORMAT (44HOFAILED TO FIND 2 POINTS IN THE SAME REGION 21H IN SUBRSUB4 219

1. NRIT2 AFTERI4,6H TRIES) SUB4 220
WRITE (3,614) ZO0RO SUB4 221

614 FORMAT (1X5HZO -,EIS.8,4X5HRO -,E15.89 SU84 222
WRITE (3,6144) LM SU84 223



WRITE (3,6145) M SUB4 224
WRITE (3,61461 KODE SUB4 225
WRITE (3,7002) XB,YB,XB1,YB1 SUB4 226

6144 FORMAT 14H LM=,I4) SUB4 227
6145 FORMAT (3H M=,I4) SUB4 228
6146 FORMAT (6H KODE=,I4) SUB4 229

CALL EXIT SUB4 230
6203 GO TO (6204,6205),LM SUB4 231
6204 ANG=TPSI SUB4 232

MM=o SUB4 233
GO TO 6210 SUB4 234

6205 ANG2=TPSI-DTPSI SUB4 235
6210 CONTINUE SUB4 236

AL=LLL+1 SUB4 237
00 6300 KK=1tLLL SUB4 238
ISUB=LL(KK) SUB4 239
AK=KK SUB4 240
PSI(fSUBI=ANG1+(ANG2-ANG1)*AK/AL SUB4 241

6300 CONTINUE SUB4 242
NBIC=1 SUB4 243
GO TO 619 SUB4 244

C SUB4 245
C SUB4 246
6400 CONTINUE SUB4 247

IF (L1.EQ.2.OR.L1.EQ.3) GO TO 642 SUB4 248
CALL NRIT2(ZI(8)tRI(81,ZZtDZRRtDREPIIEPI2,FGOF5,ITI1,KOOE) SUB4 249
IF (KOOE.EQ.0I GO TO 635 SUB4 250
ISUB=8 SUB4 251
WRITE (3t622) ITItl,,JISUB,ZO,ROtZZRRZI(81,RI(8) SUB4 252

622 FORMAT (27HOFAILED TO FIND ZIRI AFTERI14,6H TRIES,3X2HI=1493X2HJSUB4 253
1=,l143X5HISUB=,I4/IX3HZO=,E15.8,6X3HRO=,E15.8/1X3HZZ=,EI5.8,6X3HRRSUB4 254
1=,E15.8/1X3HZI=,E15.8,6X3HRI=,E15.8/1HII SUB4 255
CALL EXIT SUB4 256

C SUB4 257
C SUB4 258
635 CALL OBLTRP(ZI(8)RI(8),ANS) SUB4 259



PI(B)=ANS(1) SUB4 260
UI(8)=ANS(2) SUB4 261
VI(8)=ANS(3) SUB4 262
RHOI(8)=ANS(4) SUB4 263
EI(8)=ANS(5) SUB4 264
AI(8)=ANS(6) SUB4 265

C SUB4 266
642 00 670 IL=l1LLL SUB4 267

NN=LL(IL) SUB4 268
M=PART( lZI(NN)iRI(NNtZXRXDELTAeNDELI SUB4 269
IF (M.EQ.1) GO TO 645 SUB4 270
PUR(NN)=O. SUB4 271
PVR(NN)=O. SUB4 272
GO TO 648 SUB4 273

645 CALL OBLTRP(ZXRXANS) SUB4 274
DEN=RX-RI(NN) SUB4 275
PUR(NN)=(ANS(2)-UI(NNl)/DEN SUB4 276
PVR(NN)=(ANS(3)-VI(NNI)/DEN SUB4 277

648 M=PART(2,ZI(NN),RI(NN),ZXRXtDELTANOEL) SUB4 278
IF (M.EQ.1) GO TO 650 SUB4 279
PUZ(NN)=O. SUB4 280
PVZ(NN)=O. SUB4 281
GO TO 655 SUB4 282

650 CALL DBLTRP(ZXRXANS) SUB4 283
DEN=ZX-ZI(NN) SUB4 284
PUZ(NN)=(ANS(2)-UI(NN))/DEN SUB4 285
PVZ(NN)=(ANS(3)-VI(NNI)/DEN SUB4 286

655 S(NN)ISPSI(NNI**2*PURINN)-CPSI(NN)*SPSI(NNI*(PVR(NN)+PUZ4NNI)+CPSISUB4 287
1(NN)**2*PVZ(NN) SUB4 288

C- SUB4 289
IF (ABS(RI(NN)I.GT.EPS) GO TO 660 SUB4 290
CON=PUR(NN) SUB4 291
GO TO 662 SUB4 292

660 CON=UI(NN)/RI(NN) SUB4 293
662 S(NN)=-RHOI(NN)*H*AI(NNI**2*(S(NNI+CON)+PIINNI+RHOI(NN)*AI(NN)*CPSSUB4 294

1I(NN)*UI(NNI+RHOIfNN)*AI(NNI*SPSI(NN)*VI(NN) SU84 295



670 CONTINUE SUB4 296

1005 CONTINUE SUB4 297

1002 FORMAT (4E16.8) SUB4 298

KICK=670 SUB4 299

CALL DVCHK(KQ) SUB4 300

IF (KQ.EQ.1) GO TO 9980 SUB4 301

C SUB4 302

C COMPUTE NEW PU,V SUB4 303

C SUB4 304

GO TO (690,692,695,698).L1 SUB4 305

690 DUO=O. SUB4 306

U02=0. SUB4 307

V02=IS(4)-S(61)/(RHOI(4)*AI(4I*SPSI(4I-RHOI16)*AI(6)*SPSI(6I) SUB4 308

P02=S(4)-RHOI(4)*AI(41*SPSI(4)*VO2 SUB4 309

GO TO 700 SUB4 310

C SUB4 311

C SUB4 312

692 DPO=0. SUB4 313

P02=0. SUB4 314

L=LL1l SUB4 315

TMPI=RHOI(7)*RHOI(L)*AI(7t1AI(L|*(CPSI(T)*SPSI(L)-CPSI(L)*SPSI(7)TSUB4 316

VO2=(S(L)*RHOI(7)*AI(7)*CPSI(71-S(71*RHOIILI*AI(LI*CPSI(L)t/TMPI SUB4 317

U02=(S(L)-RHOI(LI*AI(L)*SPSI(L)*VO2)/(RHOIIL)*AILI*CPSI(L)I SUB4 318

GO TO 700 SUB4 319

C SUB4 320

C SUB4 321

695 OPO=0. SUB4 322

P02=0. SUB4 323

TMPI=RHOI(7)*RHOI(6)*AI(7)*AI(A6)*(CPSI(7)*SPSI6)-SPSI(71*CPSI(6) SUB4 324

V02=(SI6)*RHOI(7)*AI47)*CPSI(7)-S(7)*RHOI(6)*AI(61*CPSI(6t|/TMPI SUB4 325

U02=(S(6)-RHOI(6)*AI(6)*SPSI(6)*VO2)/(RHOI(6)*AI(6)*CPSI(61) SU84 326

GO TO 700 SUB4 327

698 CONTINUE SUB4 328

L=LL(1) SUB4 329

TMPI=RHOI(4*AI(4)*CPSI441-RHOILI*AI(L)*CPSI(L) SUB4 330

TMP2RHOI4()*eAIt(4SPSI(TI4-RHOI(L)*AI(L)*SPSI(L) SUB4 331



TMP3=RHOI(61*AI(6*CPSI(6)-RHOI(L)*AI(L)*CPSI(L) SUB4 332
TMP4-RHOI(6)*AI(6)*SPSI(6)-RHOI(LI*AIR(L*SPSI(LI SUB4 333
VO2=((S(4)-S4L)1*TMP3-(S(6)-SIL))*TMP1)/(TMP3*TMP2-TMPI*TMP4) SUB4 334
U02=(S(4)-S(L)-TMP2*VO2)/TMP1 SUB4 335
P02=S(6)-RHOI(6)*AI(63*CPSI(61*UO2-RHOI(6**AI(61*SPSII6)*VO2 SUB4 336

700 KICK=700 SUB4 337
CALL DVCHK(KQ) SUB4 338
IF (KQ.EQ.1) GO TO 9980 SUB4 339

C SUB4 340
C SUB4 341
C ITERATE FOR RHOO,EO SUB4 342
C SUB4 343
705 ITI33=IT13 SUB4 344

IT144=ITI4 SUB4 345
KM=l SUB4 346

708 CONTINUE SUB4 347
CALL EQOSI(PO2,PGRHOPGEBIGGCHECKKRTTAO2,EO2,RHOO2,KMtEPS) SUB4 348
IF (KRTT.EQ.1 GO TO 871 SUB4 349

725 T1=RHOO-RHOI(8) SUB4 350
T2=PI(8)/RHOI(8)**2 SUB4 351
B1GH=EI(81+T2*TI-EO SUB4 352
PHE=-1. SUB4 353
PHRHO=T2 SUB4 354
.KICK=725 SUB4 355
CALL OVCHK(KQ) SUB4 356
IF (KQ.EQ.1) GO TO 9980 SUB4 357

C SUB4 358
C COMPUTE NEW EO,RHOO SUB4 359
C SUB4 360

DOWN=PGE*PHRHO-PGRHO*PHE SUB4 361
DEO=(-BIGG*PHRHO+BIGH*PGRHO)/DOWN SUB4 362
ORHOO=(-BIGH*PGE+BIGG*PHEI/DOWN SUB4 363
EO2=EO+OEO SUB4 364
RHOO2=RHOO+DRHO0 SUB4 365

C SUB4 366
C CHECK E02,RHOO2 FOR CONVERGENCE SUB4 367



KICK=726 SUB4 368
CALL DVCHK(KQI SUB4 369
IF (KQ.EQ.I) GO TO 9980 SUB4 370

C SUB4 371
IF (ABS(DEC/EO).LT.EPIT) GO TO 726 SUB4 372
IF (ABS(DEO).GT..O1*EPI7) GO TO 730 SUB4 373

726 IF (ABS(DRHOO/RHOO).LE.EPI6) GO TO 740 SUB4 374
IF (ABS(DRHOO).LT.EPI6) GO TO 740 SUB4 375

730 IT133=ITI33-1 SUB4 376
IF (ITI33.NE.0) GO TO 735 SUB4 377
WRITE (6,732) ITI3,It,J,Z0,ROPOUOtVORHOOtEOtPO2,U02,VO29RHOO2,EOSUB4 378

12 SUB4 379
732 FORMAT (33HOE0,RHOO FAILED TO CONVERGE AFTERI14,6H TRIES/1X2HI=I14SUB4 380

I,4X2HJ,I14,4X2HZ=,E15.84XZHRtE15.8/5X2HPO18X2HUOISX2HVO18X4HRHOOSUB4 381
116XK2HE0/5X3HPO217X3HU0217X3HV0217X5HRHO0215X3HEO2//(5E20.8t SUB4 382
WRITE (3,11 SUB4 383
CALL EXIT SUB4 384

735 EO=E02 SUB4 385
RHOO=RHOO2 SUB4 386
KM=O SUB4 387
GO TO 708 SUB4 388

C SUB4 389
C CHECK FOR PROPER EQUATIONS SUB4 390
C SUB4 391
740 CONTINUE SUB4 392

PGE=-PGE SUB4 393
PGRHO=-PGRHO SUB4 394
IF (RHOO2.GE.RHOSTRl GO TO 750 SUB4 395
IF (EO2.LT.EPRS) GO TO 750 SUB4 396

742 CHECK2=0 SUB4 397
GO TO 752 SU84 398

750 CHECK2=1 SUB4 399
752 A02-SQRT(+PGRHO+PO2*PGE/RHOO2**21 SUB4 400

IF (CHECK.EQ.CHECK2) GO TO 870 SUB4 401
IT144=IT144-1 SUB4 402
IF (ITI44.NE.0) GO TO 770 SUB4 403



WRITE (3,755) ITI4,1,J,ZOROPO,UOVORHOO*EOtAOPO2UO2V02RHOO2SUB4 404

IlE02,A02 SUB4 405
755 FORMAT (38HOFAILED TO USE CORRECT EQUATIONS AFTERI4,6H TRIES/lX2HSUB4 406

II=,14,4X2HJ=,I44X2HZ=,E15.8,4X2HR=,E15.8/5X2HP018X2HU018X2HV018X4SUB4 407

1HRH0016X2HEOIBX2HAO/5X3HP0217X3HPO217XHU0217X3HV217X5HRHOO215X3HEO217X3HSUB4 408

IA02//(6E20.8)) SUB4 409

WRITE (3,1) SUB4 410
CALL EXIT SUB4 411

770 KICK=770 SUB4 412

CALL DVCHK(KQ) SUB4 413

IF (KQ.EQ.11 GO TO 9980 SUB4 414

ITI33=ITI3 SUB4 415

GO TO 735 SUB4 416

C SUB4 417

C ALL VALUES HAVE CONVERGED FOR I INTERIOR POINT SUB4 418

C SUB4 419

871 KRTT=0O SUB4 420

870 XMESH2(lJl)=P02 SUB4 421
XMESH2(IJt2)=U02 SUB4 422

XMESH2(ItJ93)=V02 SUB4 423

XMESH2(IJe4)=RHOO2 SUB4 424

XMESH2(IJ9,5l=E02 SUB4 425

XMESH2(IJ,6)=AO2 SUB4 426

KICK900 SUB4 427

CALL DVCHK(KQ) SUB4 428

IF (KQ.EO.1) GO TO 9980 SUB4 429

900 CONTINUE SUB4 430

905 CONTINUE SUB4 431

IF (ITS3.EQ.1I GO TO 950 SUB4 432

CALL ITRP SUB4 433

RETURN SUB4 434

950 CONTINUE SUB4 435

9980 WRITE (3,99851 KICK SUB4 436
WRITE (3,6141 ZOtRO SUB4 437

9985 FORMAT (32HODIVIDE CHECK NEAR STATEMENT NO.,15915H IN SUBR. INTER/SUB4 438

IIHI) SUB4 439



CALL EXIT SUB4 440
RETURN SUB4 441
END SUB4 442
SUBROUTINE EQOS14PRHO,PPPPVVPEEEETRHOKICKI SUBS I
COMMON CASEI0(14)tITS1,ITS2,ITS3,1TS4ITII tIT1I2TI3,ITI4,EPSIEPSSUB5 2
12,EPS3tEPS4,EPSS5EPS6,EP1E2EEPI2EEP13,EPI4EPI5EPl6,EP[ITVP,ARtLENSUB5 3
IGTHAPRBPRBIGAPRtBIGBPRESTARALPHAtBETARHOSTREPRSRHOS SUBS 4

COMMON XMESH(20t206),XMESH2(20,20,6 1Z(20),R(20) SURF(15,8ItSURF2SUB5 5
1(15,8)tTAB(1514,2)tTAB2(15,14,2),SPART(15t2,2),RARF(IStIhRARF2(SUB5 6

115,4),RPART(15t2) SUBS 7

C SUBS 8
C SUBS 9

COMMON ZOROtPOUOtVOtLOMOtROOEOtAOUBAROtVBARO SUBS 10
C SUBS 11

COMMON NPtNTNRtNINDELISUB SUBS 12

C SUBS 13

COMMON ZMINZMAX,RMINtRMAXtRADIUSGZGRDELTA,H SUB5 14

COMMON DIRCOS SUB5 15
COMMON TIME SUBS 16
COMMON IRARF SUBS 17

COMMON KSTOP SUBS 18
COMMON TPSI SUBS 19

COMMON KKK SUB5 20
C SUB5 21

C SUBS 22
REAL LOMOLENGTHtMUKO SUB5 23

RHO=RHOSTR SUBS 24
E=VP**2/8. SUBS 25

DO 100 M=1,100 SUBS 26
ETA=RHO/RHOSTR SUB5 27
MU=ETA-1. SUBS 28
G=-RHOSTR*(VP/2.)**2+((APR+BPR/(E/(ESTAR*ETA**2+1.)*E*RHO+BIGAPRSUB5 29

1*MU+BIGBPR*MU**2)*(1.-RHOSTR/RHOb SUBS 30
DERIVG=((APR+BPR/4E/(ESTAR*ETA**21I+.1)*E+BIGAPR/RHOSTR+2.*BIGBPR*SUB5 31

IMU/RHOSTR+2.*E**2*BPR/(ESTAR*ETA**2*(E/(ESTAR*ETA**2)+I.)**2)*(I.SUB5 32
I-RHOSTR/RHO)+(4APR+BPR/4E/(ESTAR*ETA**2)+1.))*E*RHO+8IGAPR*MU+BIGBSUB5 33

A -



1PR*MU**2)*RHOSTR/RHO**2 SUBS 34

DLTRHO=-G/DERIVG SUBS 35

RHO=RHO+DLTRHO SUBS 36

IF(ABS(DLTRHOI.LT.1.E-07) GO TO 101 SUBS 37

C IF (ABS(DLTRHO).LT.1.E-06) GO TO 101 SUBS 38

100 CONTINUE SUBS 39

KICK=2200 SUB5 40

GO TO 9980 SUBS 41

101 CONTINUE SUBS 42

PRHO=RHO SUBS 43

TRHO-RHO SUBS 44

PEE=E SUBS 45

TEE=E SUBS 46

PVV=VP/2. SUBS 47

PPP=(APR+BPR/4E/(ESTAR*ETA**21+1.)*E*RHO+BIGAPR*MU+BIGBPR*MU**2 SUB5 48

9980 RETURN SUBS 49

END SUBS 50

SUBROUTINE EQOS2(PPP,PRHO,PEE) SUB6 1

COMMON CASEID(14),ITSlITS2lTS3,ITS4,ITIITI2,ITI3,ITI4,EPS1,EPSSUB6 2

12,EPS3,EPS4,EPSS5EPS6,EPItEPI2,EPI3,EPI4,EPISEPI6,EPITVPtARLENSUB6 3

IGTHAPRtBPRBIGAPRBIGBPRESTARtALPHAtBETARHOSTRtEPRSRHOS SUB6 4

COMMON XMESH(20,20,6),XMESH2(20,20,6),Z(20),R(20),SURF(15,81,SURF2SUB6 5
1(15T,8)TAB(15,14,2),TA82(15.14,2),SPARTi(152,2),RARF(15,11),RARF2(SUB6 6

115,4),RPART(15,2). SUB6 7

C SUB6 8

C SUB6 9

COMMON ZOROtPOUOVOLOeMOtRHOOtEOtAOUBAROVBARO SUB6 10

C SUB6 11

COMMON NPNTtNRtNINDELISUB SUB6 12

C SUB6 13

COMMON ZMINZMAXtRMINtRMAXRADIUStGZGRDELTAH SUB6 14

COMMON DIRCOS SUB6 15

COMMON TIME SUB6 16

COMMON IRARF SUB6 17

COMMON KSTOP SUB6 18

C SUB6 19



COMMON TPSI SUB6 20

COMMON KKK SUB6 21

C SUB6 22

REAL LOMOLENGTHMUvKO SUB6 23
P=PPP SUB6 24

RHO=PRHO SUB6 25

E=PEE SUB6 26

ETA-RHO/RHOSTR SUB6 27
MU-ETA-1. SUB6 28

EE=E/(ESTAR*ETA**2+1. SUB6 29
PGRHO=E*(APR+BPR/EEI+BIGAPR/RHOSTR+(2.*BIGBPR*MU)/RHOSTR+(2.*E**2*SUB6 30

18PRI/(ESTAR*ETA**2*EE**2) SUB6 31

PGE=(APR+BPR/EE)*RHO-(E*BPR*RHO)/IESTAR*ETA**2*EE**2) SUB6 32
AR=SQRT(PGRHO+PGE*P/RHO**2) SUB6 33

RETURN SUB6 34

END SUB6 35
SUBROUTINE EQOS3(RHO,AAE,P) SUB7 1
COMMON CASEIO(14)1ITS1,ITS2.ITS3,ITS4,ITIIt TI2,lTI3tTI4,EPS1,EPSSUB7 2

12,EPS3,EPS4,EPS5,EPS6,EPIIEP12,EPI3,EPI4,EPI5,EPI6,EPI7,VPARtLENSUB7 3

IGTHAPRtBPRBIGAPR,BIGBPRESTARALPHAtEETARHOSTRtEPRSRHOS SUB7 4

COMMON XMESH(2020,6lXMESH2420,206)tZ20),R(20),SURF(15t,8,SURF2SUB7 5

1(15,8),TAB(15,14,2)tTA82(15tl4t2),SPART(15,2,2),RARF(15,11|,RARF2(SUB7 6
115941,RPART(15,2) SUB7 7

C SUB7 8

C SUB7 9

COMMON ZOROtPOtUOVOLOMORHOOtEOtAOtUBAROVBARO SUB7 10

C SUB7 11

COMMON NPNTNRtNINOELISUB SUB7 12

C SUB7 13
COMMON ZMINZMAXRMINRMAXtRADIUStGZGRtDELTAH SUBT 14
COMMON DIRCOS SUB7 15

COMMON TIME SUB? 16

COMMON IRARF SUB7 17

COMMON KSTOP SUBT 18

COMMON TPSI SUB7 19

COMMON KKK SUB7 20

7$-



c SUB7 21
C SUB7 22

REAL LOMOLENGTHMUKO SUB? 23
70 ETA-RHO/RHOSTR SUB7 24

MU=ETA-1. SUB? 25
EE-E/( ESTAR*ETA**2 ) 41 SUB7 26
IF IRHO.GT.RHOSTRI GO TO 72 SUB7 27
IF (E.GE.EPRS) GO TO 74 SUB? 28

72 PGRIO=E*(APR.BPR/EE)+BIGAPR/RHOSTR(2.*SIGBPR*MU)/RHOSTR*(2.*E**2*SUB7 29
IBPR II( ESTAR*ETA**2*EE**21 SUB? 30
PGE-(APR+BPR/EE )*RHO-(E*SPR*RHOI/4ESTAR*ETA**2*EE**2) SUB? 31
GO TO 75 SUB? 32

74 Cl-RHOSTR/RHO-1. SUB? 33
C2=EXP(-BETA*Cl) SUB? 34
C3-EXPI-ALPHA*C 1**2) SUB? 35
Tlm( BPR*E*RHOI /EE+BIGAPR*MU*C2 SUB? 36
T2-2.*ALPHA*Cl*(RHOSTR/(RHO**211 SUB? 37
T3=BPR*E/EE SUB? 38
T4-( 2**E) /(ESTAR*ETA**2*EEI SUB? 39
T4-T3*T4 SUB? 40
T5=(BIGAPR*C21 /RHOSTR SU87 41
T6- (SIGAPR*MU*BETA*RHOSTR*C21/ (RHO**2) SUB? 42
PGRH()mAPR*E+C3*( TI*T24T3,T44T54T6) SUB? 43
T?-(BPR*RHO)/EE ,SUB? 44
PGE=APR*RHO4C3*(T7-T7*(E/IESTAR*ETA**2*EE))) SUB? 45

75 AA-SQRT(PGRHOPGE*P/RHO**2) SUB? 46
RETURN SUB? 47
END SUB? 48
SUBROUTINE EQOSS(PFRPFEl SUBS 1
COMMON CASEID(141,ITS1,ITS2,1TS3,1TS4, 1T11,1T12,1T13,1T14,EPSIEPSSUBS 2
12,EPS3,EPS4,EPS5,EPS6,EPI11,EPI2,EPI3,EPI4,EPI5,EP16,EPI?,VPARLENSUBS 3
IGTHtAPRSPRBIGAPRBIGBPRESTAR, ALPHA, BETA*RHOSTR, EPRS, RHOS SUBS 4
COMMON XMESH(20,20,61,XMESH2(20,20,6*,Z(205,R(20),SURF415,81,SURF2SUB8 5

1W15,SI.TAB(15,14,21,TAB2(15,14,21,SPART(1522)RARF(1511)RARF2SUB8 6
115943,RPART( 15,2) SUBS 7

c SUBS 8



C SUB8 9
COMMON ZOlROPO,UOVOLOMOtRHOOtEOtAOUBAROVBARO SUBS 10

C SUB8 11
COMMON NPNT*NRNI,NDELISU SUBS 12

C SUBS 13
COMMON ZM MMIMAX1RMINtRMAXRADIUSGZGRDELTAH SUB8 14
COMMON DIRCOS SUB8 15
COMMON TIME SU88 16
COMMON IRARF SUB8 17
COMMON KSTOP SUB8 18
COMMON TPSI SUB8 19
COMMON KKK SUB8 20

C SUB8 21
C SUBS 22

REAL LOMOLENGTHMUKO SUB88 23
250 ETA=RHOO/RHOSTR SUB8 24

MU-ETA-1. SUBS 25
C SUB8 26
C SUBS 27

EPP=EO/(ESTAR*ETA**2[+1. SUBS 28
TMP=APR+BPR/EPP SUBS8 29
TMPI-BPR/IESTAR*ETA**2*EPP**21 SUB8 30
PFR-TMP*EO+(BIGAPR+2.*BIGBPR*MUI/RHOSTR+2.*EO**2*TMPI SUBS 31
PFE-TMP*RHOO-EO*RHOO*TMP1 SUB8 32
RETURN SUB8 33
END SUBS 34
SUBROUTINE EQOSP(RHOO2tEO2P02) SUB9 1
COMMON CASEID(14)I1TSIITS2,ITS3,lTS4IlTI11IT12tITI3ITI4,EPS1,EPSSUB9 2
12tEPS3EPS4,EPS5,EPS6,EPI1EPI2,EPI3,EPI4,EPISEPI6,EPI7TVPARLENSUB9 3
IGTHAPRBPRBIGAPR,BIGBPRESTARALPHAtBETAtRHOSTREPRSRHOS SUB9 4
COMMON XMESHi20206,XMESH2(20,20,6)Z(20)tR(20)tSURFl5,t8tSURF2SUB9 5
1(15,81,TAB(151421 ,TAB2(15,14,2),SPARTI15,2t2),RARF(15 11,RARF2WSUB9 6
115,4),RPART(15,2) SUB9 7

C SUB9 8
C SUB9 9

COMMON ZOROPOtUOVOLO.MOtRHOOtEOtAOIUBAROVBARO SUB9 10



C SUB9 11

COMMON NPNTNRNINOELISUB SUB9 12

C SUB9 13

COMMON ZMINtZMAXtRMINRMAXRADIUStGZGRDELTAH SUB9 14

COMMON DIRCOS SUB9 15

COMMON TIME SUB9 16

COMMON IRARF SUB9 17

COMMON KSTOP SUB9 18

COMMON TPSI SUB9 19

COMMON KKK SUB9 20

C SUB9 21

C SUB9 22

REAL LOMOLENGTHMUKO SUB9 23

ETA=RHOO2/RHOSTR SUB9 24

MU=ETA-1. SUB9 25

P02OEO2*RHOO2*(APR+(PR*ESTETETA**2/(EO2+ESTAR*ETA**21)+BIGAPR*MSUB9 26

1U+BIGBPR*MU**2 SUB9 27

RETURN SUB9 28

END SUB9 29

SUBROUTINE EQOSI(PO2,PGRHO,'PGEtBIGGCHECKtKRTTtAO2,EO2,RHOO2KM EPSU10 1

IS) SUIO 2

COMMON CASEIO(14),ITS1SITS2,ITS3,ITS4,ITIIITIZ, T13 TI4EPSI,EPSSUIO 3

12,EPS3,EPS4,EPSS5EPS6,EPIIEPI2,EPI3,EPI4,EPI5,EPI6,EPITVPARLENSUIO 4

IGTHAPRBPReBIGAPRBIGBPRESTARALPHABETAtRHOSTREPRSRHOS SU10 5

COMMON XMESH(20t20,6)tXMESH2(20t206),Z(201,R(20),SURF(15,8)eSURF2SU1O 6

1( 15,8)TAB (15,14,2),TAB2(15,14t2),SPART415,2,2 ,RARF(15,11)tRARF24SUO1 7

115,41RPART15,2) SU10 8

C SUIO 9

C SU10 10

COMMON ZOROPOtUOVOLOMOtRHOOEOtAOUBAROVBARO SU10 11

C SU10 12

COMMON NPoNTtNRNI0NDELISUB SU10 13

C SU10 14

COMMON ZMINZMAXRMINIRMAXRAOIUStGZtGRO0ELTAH SU10 15

COMMON DIRCOS SU10 16

COMMON TIME SUo1 17



COMMON IRARF SUIO 18

COMMON KSTOP SU10 19

COMMON TPSI SU10 20

COMMON KKK SU10 21

C SU10 22
C SU10 23

REAL LOMOLENGTHMUtKO SU10 24
INTEGER CHECKCHECK2 SU10 25
IF (KM.EQ.0) GO TO 708 SU1O 26
RHOO=RHOSTR SU10 27
TMPI=(APR+BPR)*RHOSTR-PO2/ESTAR SU1O 28
TMP2=SQRT(TMP1**2+4.*PO2*APR*RHOSTR/ESTARI SU10 29
EO=(-TMP1+TMP2)/(2.*APR*RHOSTR/ESTAR) SU10 30
IF (PO2.GT.EPS) GO TO 708 SU10 31
P02-0. SUO1 32
E02=0. SU10 33
RHOO2=RHOSTR SU10 34
AO2=SQRT(BIGAPR/RHOSTR) SUO1 35
KRTT=I SU10 36
GO TO 870 SU10 37

708 KRTT=O SU10 38
ETA=RHOO/RHOSTR SUO1 39
MU=ETA-i. SU10 40
EE=EO/(ESTAR*ETA**21+1. SU10 41
IF 4RHOO.GT.RHOSTR) GO TO 720 SU10 42
IF (EO.LT.EPRS) GO TO 720 SU1O 43

715 C1=RHOSIR/RHOO-1. SU10 44
BEC1=BETA*C1 SU10 45
IF (BECI.LT.10.EIO) GO TO 716 SU10 46
C2=0.0 SUO1 47
GO TO 717 SU10 48

716 C2=EXP(-BEC1) SU10 49
717 C3AL-ALPHA*Cl**2 SU10 50

IF (C3AL.LT.1O.E12) GO TO 718 SU10 51
C3=0.0 SU10 52
GO TO 719 SU10 53



718 C3=EXP(-C3AL) SUlO 54
719 CONTINUE SUMO 55

TIZI BPR*EO*RHOO) /EE4BIGAPR*MU*C2 SUIO 56
T2m2.*ALPHA*Cl*(RHOSTR/(RHOO**21 I SUIO 57
T3=BPR*EO/EE SUIO 58
T4-(2**E0* /(ESTAR*ETA**2*EE) SUlo 59
T4-T3*T4 SUIO 60
T5=(BIGAPR*C2) /RHOSTR SUIO 61
T6=IBIGAPR*NU*8ETA*RHOSTR*C2)/ (RHOO**21 SUIO 62
T7-( BPR*R14001/EE SUIO 63
PGRHOSAPR*E04C3*( TI*T2eT34T4+T54T6) SU10 64
PGE-APR*RHOC3*(T7-T7*(EO/(ESTAR*ETA**2*EE))) SULO 65
B IGG=P02-APR*EO*RHOO-TI*C3 SUIO 66
CHECK-0 SUIO 67
GO TO 725 SUIO 68

720 T1=APR+BPR/EE SU10 69
T2-( BPR*EO) /1ESTAR*ETA**2*EE**2) SUIO 70
B! GG-PO2-TI*EO*RHOO-B IGAPR*MU-BI GBPR*MU**2 $UlO 71
PGRIOTI*EOBIGAPR/RHOSTR,2.*BIG8PR*MU/RHOSTR4T2*2.*EO SUlO 72
PGRHO=-PGRHO SUIO 73
PGEsTl1*RHOO-RHOO*T2 SUIO 74
PGE--PGE SUlO 75
CHECKS 1 SUIO 76

725 CONTINUE SUIO 77
870 CONTINUE SUIO 78

RE TURN SUlO 79
END SUbo 80
SUBROUTINE SOUT2 Sull I

C SUll 2
C PRINTS 6 LINES OF DISCONTINUITY AT TO SUll 3
C SUll 4

COMMON CASEIDI14IITS1,ITS2,1TS3,1TS4,1T11,1T12,1T13,1T14,EPS1,EPSSUI 5
12,EPS3,EPS4,EPSSEPS6.EPI11,EP12,EP13,EPI4,EPI5,EP16,EPI7,VPARLENSUll 6
IGTHAPRBPRBIGAPRBIGBPRESTARALPHA,8ETARHOSTREPRSRHOS SUII 7
COMMON XMESH(20,20,6),KMESH2(20,20,61,Z(20IR(201,SURF(15,81,SURF2SUII 8

14 15,81,TAIB(15,14,2) ,TAB2(l5,14,2) SPART(15,2,21,RARF(15,1),RARF2(SU1I. 9



115S4),RPART(15,21 SUll 10
C SUI1 i1
C SUiL 12

COMMON ZOROPOtUOtVOLOtMORHOOEOAOUBAROVBARO SUII 13
C SUl1 14

COMMON NPNTNRNINDELISUB SUI1 15
C SUll 16

COMMON ZMINZMAXRMINRMAXRADIUStGZtGRDELTAH SU1i 17
COMMON DIRCOS SUIt 18
COMMON TIME SU11 19
COMMON IRARF SU11 20
COMMON KSTOP SU11 21
COMMON TPSI SUll 22
COMMON KKK SU11 23
REAL L0CMOLENGTHMUvKO SUI1 24

C SU11 25
4 FORMAT (///30H CURVES OF DISCONTINUITY AT TO//40X20H--PROJECTILE SSU1I 26

1HOCK--//) SU11 27
6 FORMAT (//35X29H--PROJECTILE PARTICLE CURVE--//) SU11 28
8 FORMAT (//42X16H--TARGET SHOCK--//) SU1l 29
10 FORMAT (//38X25H--TARGET PARTICLE CURVE--//) SU11 30
12 FORMAT (//42X15H--RAREFACTION--//) SUll 31
14 FORMAT (//35X30H--RAREFACTION PARTICLE CURVE--//) SU11 32
16 FORMAT (?X1HZ19XIHR19X1HPi9X1HU19XLHV/7X3HRHO17XIHEI9X1HA19X1HL19XSUlI 33

11HM// SUll 34
18 FORMAT (7XlHZ19X1HR//l SU11 35
20 FORMAT (7X1HZ19X1HR19X1HL19X1HM//I SU11 36
30 FORMAT 45E20.8/5E20.8//) SU1l 37
35 FORMAT (2E20.8) SU11 38
38 FORMAT (4E20.8) SU1t 39
39 FORMAT (//35X16H--FREE SURFACE--//) SU11 40
40 FORMAT (1H1 SU11 41

WRITE 43,4 SU11 42
WRITE (3,16) SU11 43
WRITE (3,30) ((TAB2(IvJlilJaltlOltI-lNPl SUI1 44
WRITE 43,6) SU11 45

191



WRITE (3,18) SUlI 46

WRITE (3935) ((SPART(IJ,)lltJ1,2),I=lNP) SU11 47

WRITE (3,8) SUl1 48

WRITE (3916) SU11 49
WRITE (3,30) ((TAB2Z(IJ2),J=1l10),I=INT) SU11 50

WRITE (3,10) SUll 51
WRITE (3,18) SU11 52

WRITE (3,35) ((SPART(I9J,2),J=1,2)tI=1,NT SUII 53
WRITE (3,12) SU11 54

WRITE (3t20) SUt1 55

WRITE (3,381 ((RARF2(IJ)9J=1v4)vIalNR) SUlk 56

WRITE (3,14) SUll 57

WRITE (3,39) SU11 58

WRITE (3,35) ((SURF2(IIJ)*,J1,2),I=iNP) SU11 59

WRITE (3,40) SUl1 60

RETURN SU11 61

END SUl1 62

SUBROUTINE SOUT SUI2 1

C SU12 2

C PRINTS 4 LINES OF Oi CONTINUITY AT TO-H SU12 3

C SU12 4
COMMON CASEIO(14)IlTSIlTS2ITS3,ITS4,ITIItITI2,TI3 tTI4,EPSIEPSSUI2 5

12,EPS3,EPS4,EPSStEPS6,EPI1tEPI2,EPI3,EPI4,EPISEPI6tEPITVPtARLENSU12 6

IGTHtAPRtBPRtBIGAPBBIGBPRtESTARtALPHAtBETAtRHOSTREPRSRHOS SU12 7

COMMON XMXME20206XESH2(2Ot20,6Z2OR(201SURF(15,BSURF2SU12 8

1(15,8),TA8415t14t2),TAB2(15t14621)SPARTi(152t2tRARF(1511)IRARF2lSU12 9

115,4)RPART(15,2t 5U12 10

C SU12 11

C SU12 12

COMMON ZOROPOUOVOL0,MO,RHOOtEOtAOUBAROVBARO SU12 13

C SU12 14
COMMON NPtNTtNRsNIvNOELISUB SU12 15

C SU12 16

COMMON ZMINtZMAXRMINtRMAXtRADIUStGl,GROELTA,H SU12 17

COMMON DIRCOS SU12 18
COMMON TIME SU12 19



COMMON IRARF SU12 20
COMMON KSTOP SU12 21
COMMON TPSI SU12 22
COMMON KKK SU12 23
REAL LOMOLENGTHMUKO SU12 24

C SUI2 25
4 FORMAT (///32H CURVES OF DISCONTINUITY AT TO-H//40X20H--PROJECTILESU12 26

1 SHOCK--//I SU12 27
6 FORMAT (//42X16H--TARGET SHOCK--//) SU12 28
8 FORMAT (//42X15H--RAREFACTION--//) SU12 29
10 FORMAT (tXIHZ19X1HR19XIHP19X1HU19X1HV/TX3HRHOI7XIHE19XIHA19XIHL19XSU12 30

IIHM//I SU12 31
15 FORMAT (5E20.8/5E20.8//) SU12 32
18 FORMAT (1H1) SU12 33
21 FORMAT (//35X16H--FREE SURFACE--//) SU12 34
25 FORMAT (2E20.8) SU12 35

WRITE (3,4) SU12 36
WRITE (3r10) SU12 37
WRITE (3,15) ((TAB(IJll),J=lO10),IlNP) SU12 38
WRITE (3,61 SU12 39
WRITE (3,10) SU12 40
WRITE (3,15) ((TAB(IJ,2),JlI,1O),Il1,NT) SU12 41
WRITE 43,8) SU12 42
WRITE (3,10) SU12 43
WRITE (3,151 ((RARF(IJl,J=1,0),I=1,NRI SU12 44
WRITE (3,21) SU12 45
WRITE (3,251, ((SURF(IJI,J=1,2),I*1tNP) SU12 46
WRITE (318) SU12 47
RETURN SU12 48
END SU12 49
SUBROUTINE PRINT(BLtZTAB,RTABtKK) SU13 1

C PRINTS INTERIOR REGION SU13 2
C SU13 3

COMMON CASEID(14),ITS1,ITS2,ITS3,ITS4,ITI1,IT12,1TI3,IT14,EPS1,EPSSU13 4
12,EPS3EPS4,EPSSEPS6,EPIlIEPI2,EPI3,EPI4,EPISEP16,EPI7TVPtARtLENSU13 5
IGTHAPRBPR GAPBIAPRIGBPRESTARtALPHABETARHOSTR.EPRSRHOS SU13 6



COMMON XMESH(2020,6) ,XMESH2(20,20,6),Z(20),R(20),SURF(15,81,SURF2SU[3 7
1(15,8),TAB(15,14,2),TA82(15,14,21tSPART(152,2)tRARFII(511,tRARF2(SU13 8
115,41,RPART(15,2) SU13 9

C SU13 10
C SU13 11

COMMON ZOROPOUOeVOLOtMOeRHOOEO,AOUBAROeVBARO SU13 12
C SU13 13

COMMON NPNTNRNIiNDELISUB SU13 14
C SU13 15

COMMON ZMINZMAX,RMINtRMAXRAOIUStGZGROELTAH SU13 16
COMMON DIRCOS SU13 17
COMMON TIME SU13 18
COMMON IRARF SU13 19
COMMON KSTOP SU13 20
COMMON TPSI SU13 21
COMMON KKK SU13 22
REAL LO0MOoLENGTHMU*KO SU13 23

C SU13 24
DIMENSION BL120920,6)i.ZTAB(.20),RTAB(201 SU13 25

C SU13 26
00 15 I=1,20 SU13 27
00 15 J=l120 SU13 28
IF (ABS(BL(I,J,11)) ABS(BL(IJ,2))+ABS(BLtIJ3ll)I 20,15,20 SUl3 29

15 CONTINUE - SU13 30
WRITE (3,18) SU13 31

18 FORMAT (15HITABLES ALL = 0/1H1) SU13 32
CALL EXIT SU13 33

20 11-I SU13 34
DO 30 1=11,20 SU13 35
IF (ABS(BL(I,1,l)I+ABSIBL(I,1,2))+A8S(BL(I,1,31)1 30,22,30 SU13 36

22 00 25 J=1,20 SU13 37
IF (ABS(BL( I J,1 +ABS(BL I .JZ) I+ABS(BL I,J,3 3) 30,25,30 SU13 38

'25 CONTINUE SU13 39
12=I-1 SU13 40
GO TO 35 SU13 41

30 CONTINUE SU13 42



12=20 SU13 43
35 00 45 J=1,20 SUl3 44

IF (ABS(BL(11,JIl)+ABS(BL(I1,J,2))+ABS(BL(I1,J,3)I 45,37,45 SU13 45
37 00 40 I=I1,12 SU13 46

IF (ABS(BL(ItJtl) ABS(BL(I,J,2)I+ABS(BL(l,J9,3) 45,40,45 SU13 47
40 CONTINUE SU13 48

J2=J-1 SU13 49
GO TO 50 SU13 50

45 CONTINUE SU13 51
J2=20 SU13 52

50 J1=1 SU13 53
C SU13 54
C PRINT TABLE SU13 55
C SU13 56

GO TO (52,56),KK 5U13 57
52 WRITE (3,53) SU13 58
53 FORMAT (I/24HOINTERIOR REGION AT TO-H///) SU13 59

GO TO 62 SU13 60
56 WRITE (3,57) SU13 61
57 FORMAT (//22HOINTERIOR REGI'ON AT TO///) SU13 62
62 DO 70 1=I1,12 SU13 63

WRITE (3,64) ZTAB(I) SU13 64
64 FORMAT (///7HOZTAB =,FO.4//7XIHR9XlHP17XIHU17X1HV17X3HRHOI5XIHE17SU13 65

1XIHA// SU13 66
00 69 J-J1,J2 SUL3 67
WRITE (3,68) RTAB(J),(BL(ItJKl)K=1,6) SU13 68

68 FORMAT (Fl2.4,6E18.8) SU13 69
69 CONTINUE SU13 70
70 CONTINUE SU13 71
80 WRITE (3,82) SU13 72
82 FORMAT (1H)I SUI3 73

RETURN SU13 74
END SU13 75
SUBROUTINE NRIT2(X,YXO,DX,YO,OYEXEYFGOFITtKODE) SU14 1

C SU14 2
C NEWTON-RAPHSON METHOD FOR SOLUTION OF SU14 3

JO



C TWO NON LINEAR EQUATIONS IN TWO UNKNOWNS SU14 4
C SU14 5

COMMON CASEID(141t,TSLITS2tITS3,ITS4,ITI2 1 TI2,ITI3,ITI4,EPS1,EPSSU14 6
12,EPS3,EPS4,EPS5,EPS6,EPIIEPIZEPI3,EPI4,EPI5sEPI6,EPI7,VPAR#LENSU14 7
1GTHAPRBPRtBIGAPRBIGBPRtESTARALPHABETAtRHOSTREPRStRHOS SU14 8
COMMON XMESHI20,206),XMESH2(20,20,6),ZI20),R20),SURF(15,8),SURF2SU14 9
1(15,8),tTAB(15,142) ,TA62(15,14t2)tSPART(15,2.2)RARF(15 11IRARF24SU14 10
115t4)*RPARTi(152) SU14 11

C SU14 12
C SU14 13

COMMON ZOROtPOUOTVOLOtMORHOOEOtAOUSAROtVBARO SU14 14
C SU14 15

COMMON NPNTNRoNINDELISUB SU14 16
C SU14 17

COMMON ZMIN,ZMAX,RMINRMAXRADIUStGZGRDELTA.H SU14 18
COMMON DIRCOS SU14 19
COMMON TIME SU14 20
COMMON IRARF SU14 21
COMMON KSTOP SU14 22
COMMON TPSI SU14 23
COMMON KKK SU14 24
REAL LOMOtLENGTH*MUvKO SU14 25

C SU14 26
XB-XO SU14 27
YB=YO SU14 28
DXX=DX SU14 29
OYY=DY SU14 30
DOELXO0 SU14 31
DELYVIO SU14 32
KODE=0 SU14 33

1 CONTINUE SU14 34
00 50 Il1,IT SU14 35
KK=0 SU14 36
XX-XB+DXX SU14 37
YY-YB+DYY SU14 38

C SU14 39



C SU14 40
CALL FGOF(XBYYF2,G21 SU14 41
CALL FGOF4XXYBtF1,G1l SU14 42
CALL FGOF(XBYBtFOGOI SU14 43
AI=(Fl-F)O/DXX SU14 44
B1(F2-FOI/DYY SU14 45
CI=-FO SU14 46
A2=(GI-GOI/DXX SU14 47
82=(G2-GOI/OYY SU14 48
C2=-GO SU14 49
OET=AI*B2-A2*B1 SU14 50
IF (DET.EQ.O.) GO TO 920 SU14 51
OELX(8B2*CI-B1*C2)/DET SU14 52
OELY-(A1*C2-A2*C1/DET SU14 53
IF (ABS(DELXI.GT..0011 GO TO 8 SU14 54
OELX=O. SU14 55

8 IF (ABS(OELY).GT..001 GO TO 9 SU14 56
DELY=O. SU14 57

9 CONTINUE SU14 58
SDEL=ABS(DELX+DELX1)+ A-S(DELY+OELY1) SU14 59
DELXI=DELX SU14 60
DELYI-DELY SU14 61

C SU14 62
C TEST FOR SAME REGION SU14 63
C SU14 64

00 10 J-1IT SU14 65
XB1-XB+DELX SU14 66
YBIYBDOELY SU14 67
IF (YB1.LE.0.YB1-0. SU14 68
M=COMP(XB,YBeXBY81) SU14 69
IF (M.EQ.11 GO TO 15 SU14 70

11 CONTINUE SU14 71
KK=1 SU14 72
OELX-.5*DELX SU14 73
OELY-.5*DELY SU14 74

10 CONTINUE SU14 75

/9,



GO TO 930 SU14 76
15 IF (ABS(XB-XB1).GT.EXI GO TO 45 SU14 77

fVkF (ABS(YB-YB1).GT.EYI GO TO 45 SU14 78
IF (KK.NE.O) GO TO 45 SU14 79
X=X81 SU14 80
Y=YBI SU14 81
KODE-O SU14 82
RETURN SU14 83

45 CONTINUE SU14 84
IF (KOOE.NE.11 GO TO 46 SU14 85
IF (SOEL.GT.EPII) GOO 46 SU14 86
DELX=.S*DELX SU14 87
DELYa.5*DELY SU14 88
GO TO 9 SU14 89

46 XB=X81 SU14 90
YB=YB1 SU14 91
DEL-DELTA SU14 92
00 70 N-1,NDEL SU14 93
X82uXB+DEL U514 94
MNCOMP(XBYBtX82,YIB SU14 95
IF (N.NE.1i GO TO 55 5U14 96
DXXmDEL SU14 97
GO TO 80 SU14 98

55 XB2-XB-DEL SU14 99
M-COMP(XBtY8,XB2,Y8 SU14 100
IF (M.NE.11 GO TO 60 SU14 101
DXX=-DEL SU14 102
GO TO 80 SU14 103

60 DEL*.5*DEL SU14 104
70 CONTINUE SU14 105

GO TO 980 SU14 106
80 DEL-DELTA SU14 107

00 100 N-1INOEL SU14 108
YB2-YB+OEL SU14 109
N-CONP(XB,YB,X6BYB2) SU14 110
IF (M.NE.) GO TO 85 SU14 111



OYY=DEL SU14 112
GO TO 50 SU14 113

85 YB2=YB-DEL SU14 114
M=COMP(XBYB,X8,YB2) SU14 115
IF (M.NE.1) GO TO 90 SU14 116
OYY=-OEL SU14 117
GO TO 50 SU14 118

90 DEL=.5*DEL SU14 119
100 CONTINUE SU14 120

GO TO 990 SU14 121
50 CONTINUE SU14 122

XXB1 SU14 123
Y=Y81 SU14 124
IF (KOOE.EQ.1) RETURN SU14 125
KODE=l SU14 126
GO TO 1 SU14 127

920 WRITE (3,922) 1 SU14 128
922 FORMAT (46HODETERMINANT IS 0 IN SUBR. NRIT2 FOR ITERATIONI64 SU14 129

GO TO 950 SU14 130
930 KODE=2 SU14 131

RETURN SU14 132
950 WRITE (3,952) XO,YOXBtYBXBIYBt1,ELX*DELY SU14 133
952 FORMAT (IX5HZO -,E15.8,4XSHRO -,E15.8/IXSHZB =,E15.8,4X5HRB ,SU14 134

1E15.8/IX5HZB1 ,tE15.8,4XSHRB1 =,E15.8/IX5HOELZ=,E15.84X5HOELR=,E1SU14 135
15.8/1HI) SU14 136
CALL EXIT SU14 137
RETURN SU14 138

980 KODE=3 SU14 139
RETURN SU14 140

990 KODE=4 SU14 141
RETURN SU14 142
END SU14 143
FUNCTION COMP(ZPtRPtZP1,RPI) SU15 1

C SU15 2
C DETERMINES IF 2 POINTS ARE IN THE SAME REGION SU15 3

COMMON CASEIO(14,ITSTSIITS2,ITS3,ITS4.ITI11TI2,1TI3,1T14EPS1EPSSU15 4



12,EPS3,EPS4,EPS5,EPS6,EPItEPI2,EPI3,EPI4,EPI5,EPI6,EPI7,VPARLENSU15 5
IGTHAPRBPRBIGAPRBIGBPRESTARALPHAtBETAtRHOSTREPRStRHOS SU15 6
COMMON XMESHf2020,6),XMESH2(20,20,6),Z(20)R(20),SURF 1598isSURF2SU15 7
1(15,8|hTABf(15t4,2tTAB2(15,14,2)tSPARTi(152,2|,RARF(15,11)tRARF2(SUl5 8
115,41,RPART(15#2) SUI5 9

C SU15 10
COMMON ZO,ROtPOUOtVO.LOMORHOOtEOtAOU8BAROtVBARO SUI5 11

C SUI5 12
COMMON 'NPNTNRtNINDELISUB SU15 13

C SU15 14
COMMON ZMINtZMAXRMINRMAXtRADIUStGZGRtDELTAH SU15 15
-COMMON DIRCOS SU15 16
COMMON TIME SU15 17
COMMON IRARF SU15 18
COMMON KSTOP SU15 19
COMMON TPSI SU15 20
COMMON KKK SUI5 21
REAL LO,MOLENGTHtMUtKO SU15 22
EPS-.0000001 SU15 23
IF (RP1.LT.O.! GO TO 80 SU15 24
IF (ZP1.GE.O.) GO TO 4 SU15 25
IF (RP1.GT.RADIUS) GO TO 80 SU15 26

C SU15 27
C FIND CONTROL CONSTANTS FOR ZP*RP SU15 28
C SU15 29
4 CONTINUE SU15 30

IF (ITS3.EQ.1 GO TO 33 SU15 31
IF (IRARF.EQ.1I GO TO 13 SUI5 32
M=PICK(ZPRP,3l SUI5 33
IF (ZP.GT.RARF(MNt).AND.M.NE.1nM=M-1 SUI5 34
FF=RP-RARF(M+1,2)-(RARF(MIt2-RARFIM+1,2)$*(ZP-RARF(M+1,11 /IRARF(MSU15 35
,ll)-RARF(M+19t1I SU15 36
IF (FF.LT.O.) GO TO 11 SU15 37

10 NN=1 SU15 38
GO TO 13 SU15 39

11 NN-0 SU15 40



13 CONTINUE SU15 41
DO 22 K=1,2 SU15 42
M=PICK(ZP1,RP1,K) SUIS 43
IF (RPl.LT.TABM,2,K).ANDO.M.NE.1)M=M-1 SU15 44

5 CONTINUE SU15 45
FF=ZPL-TAB(M+1,1,K)-(TAB(Me,1K)-TAB(M+I, tK))*IRPl-TAB(M+1,2,K)l/(SU15 46

ITAB(Mt2,K)-TAB(M+1,2,K)) SU15 47
IF (K.EQ.2) GO TO 17 SU15 48
IF (RPI.GT.RADIUS) GO TO 21 SU15 49
IF (FF.LT.-EPS) GO TO 90 SU15 50
GO TO 21 SU15 51

17 IF (FF.GT.EPS) GO TO 100 SU15 52
21 IF (RP.GT.RADIUS) GO TO 22 SU15 53

M=PICK(ZP1lRP1,4) SU15 54
FF=ZPI-SURFIM+1,1-(SURF(Ml)-SURF(M+1,1 t*4RPI-SURF(M+1,21)/(SURFSU15 55
l(M,2)-SURF(+1,21) SU15 56
IF (FF) 80,22922 SU15 57

22 CONTINUE SU15S 58
IF (IRARF.EQ.1) GO TO 33 SU15 59
M=PICK(ZP1,RP3) SU15 60
IF (ZP1.GT.RARF(M,1).AND.M.NE.1)M=M-1 SU15 61
FF=RPI-RARF(MR(M21-RARF(M+1,2)*ZPI-RARF(M+1,1I|/(RARFSU15 62
1(Ml)-RARF(M+191)1 SU15 63
IF (FF.LT.0.) GO TO 31 SU15 64

30 NNI=1 SU15 65
GO TO 32 SU15 66

31 NNI=O SU15 67
32 IF (NN1.NE.NN) GO TO 110 SU15 68
33 CONTINUE SU15 69

COMP=1 SU15 70
COMP=COMP+.2 SUIS 71
RETURN SU15 72

80 COMP=2 SU15 73
COMP=COMP+.2 SU15 74
RETURN SU15 75

90 COMP=3. SU15 76



COMP=COMP+.2 SU15 77
RETURN SU15 78

100 COMP=4. SU15 79
COMP=COMP+.2 SU15 80
RETURN SU15 81

110 COMP=5. SU15 82
COMP=COMP+.2 SU15 83
RETURN SU15 84
END SU15 85
FUNCTION PICK(ZP*RPKOOE) SU16 1

C SUl6 2
C DETERMINES 2 CLOSEST CONSECUTIVE POINTS ON SPECIFIED SU16 3
C LINE OF DISCONTINUITY TO A GIVEN POINT SU16 4
C SU16 5

COMMON CASEID(141)ITSIITS2,ITStITS4,ITI1ITI2,ITI3,ITI4,EPS1,EPSSU16 6
12,EPS3,EPS4,EPS5,EPS6,EPI1,EPI2,EPI3,EPI4,EPI5,EPI6,EPITVPARLENSU16 7
IGTH,APRBPRBIGAPRIBPGBPRESTARALPHAtBETARHOSTREPRSRHOS SU16 8
COMMON XMESH(20,20,6),XMESH2(20,20,6Z(20),RI201,SURF(15t83,SURF2SU16 9
1(15,8),TAB(15,14,2),TA82(15,14,2),SPART(15,2,2),RARF(1511),iRARF2(SU16 10
115,4),RPART(15,2) SU16 11

C SU16 12
C SU16 13

COMMON ZOROtPOUOtVOtLOMOtRHOOEOAO.UBAROVBARO SUI6 14
C SU16 15

COMMON NPvNTNRvNIeNDELlSUB SU16 16
C SUI6 17

COMMON ZMINZMAX,RMINtRMAXtRADIUSGZtGRDELTAH SUI6 18
COMMON DIRCOS SU16 19
COMMON TIME SU16 20
COMMON IRARF SU16 21
COMMON KSTOP SU16 22
COMMON TPSI SU16 23
COMMON KKK SU16 24
REAL LOtMOLENGTHMUtKO SU16 25

C SU16 26
GO TO (510100300)KODE SU16 27



5 NNNP SU16 28
K=i SU16 29
GO TO 15 SU16 30

10 NN=NT SU16 31
K=2 SUI6 32

15 AA=(TAB(IleKI-ZPI**2+(TAB(,82,KI-RP)**2 SUI6 33
C SUI6 34
C SEARCH SHOCK TABLES SU16 35
C SU16 36

DO 60 N-29NN SU16 37
A=(TAB(N1,KI-ZPI**2+ITAB(Nt2tK)-RPI**2 SU16 38
IF (A.GE.AA) GO TO 23 SU16 39
AA-A SU16 40

60 CONTINUE SU16 41
PICK-NN-1 SU16 42
PICK=PICK+.2 SU16 43
RETURN SU16 44

23 PICK-N-i SU16 45
PICK-PICK+.2 SU16 46
RETURN SU16 47

100 AA=(RARF(1ilt-ZP)**2+(RARF(1i2)-RP)**2 SU16 48
C SU16 49
C SEARCH RAREFACTION TABLE SU16 50
C SU16 51

00 200 N-2,NR SU16 52
A-lRARF(Nl)-ZP)**2+(RARF(N,21-RP)**2 SU16 53
IF (A.GE.AA) GO TO 203 SU16 54
AA=A SU16 55

200 CONTINUE SU16 56
PICK=NR-1 SU16 57
PICK-PICK+.2 SU16 58
RETURN SU16 59

203 PICK-N-i SU16 60
PICK-PICK+*2 SU16 61
RETURN SU16 62

300 AA=(SURF(tllI-ZPI**2+(SURF(121-RP)**2 SUi6 63



C SUl6 64
C SEARCH FREE SURFACE TABLE SU16 65
C SU16 66

00 400 N-=2NP SUl6 67
A=(SURF(N,1)-ZPI**2+(SURF(N,21-RPI**2 SU16 68
IF (A.GE.AA) GO TO 303 SU16 69
AA-A SU16 70

400 CONTINUE SU16 71
PICK-NP-I SU16 72
PICK=PICK+.2 SU16 73
RETURN SU16 74

303 PICK-N-1 5016 75
PICK=PICK+.2 SU16 76

304 CONTINUE SU16 77
RETURN SU16 78
END SU16 79
SUBROUTINE GUESS(KOD01KO02,ZPRP,12,K2tZGtRGtDZtRI SU17 1

C SU17 2
C DETERMINES STARTING POINT AND DELTAS SUIT 3
C FOR NEWTON-RAPHSON ITERATION SUIT 4
C SUT7 5

COMMON CASEID(14)ITSIITS2,ITS3lITS4ITIIIT12,lTI3,1TI4,EPSI,EPSSUI7 6
12,EPS3,EPS4,EPS5,EPS6,EPI tEPI2,EPI3tEPI4,EPI 5EPI6,EP17tVPARLENSUI7 7
IGTHAPRIBPRtBGAPR6BIGBPRESTARtALPHAtBETARHOSTREPRSRHOS SUIT 8
COMMON XMESH(20,20,6),XMESH2(2020,6)tZ(201,R(20),SURF(15,t8SURF2SUIT 9
I(15,8),TAB(I5,142),TAB2(15,14t2ltSPART(15,22)RARF(15,11),RARF2(SUI7 10
115,4),RPART415,2) SU17 11

C SU17 12
C SU17 13

COMMON ZOtROtPOtUOtVOtLOtMORHOOEOtAOtUBAROtVBARO SU17 14
C SUIT 15

COMMON NPNTNRNINDOELlSUB SU17 16
C SU17 17

COMMON ZMINZAINZMA IN,RMAXtRADIUStGZGRDELTAH SU7 18
COMMON DIRCOS SU17 19
COMMON TIME SU17 20



COMMON IRARF SUI7 21
COMMON KSTOP SU17 22
COMMON TPSI SU17 23
COMMON KKK SUIT 24
REAL LOMOLENGTHtMUvKO SUIT 25

C SUIT 26
KS-O SUIT 27
IF (KOD1.EQ.21 GO TO 10 SU17 28
ZG-TAB(I21,lK2) SU17 29
RG=TAB(122,tK2) SUIT 30
IF (IRARF.EQ.1) GO TO 9 SUIT 31

2 M=1-INR-2*(K2-2) SU17 32
FF=RG-RARF(M+1,2)-(RARFnIM221)-RARF*ZG-RARF(M+1,1)/(RARFi(SUI 33
lll-RARF(M+191l) SU17 34
IF (FF.GT.O.I GO TO 9 SU17 35
ZG=(1.-.02/(RADIUS-RG))*ZG SU17 36
RG=RG+.02 SU17 37
IF (RG.GT.(RADIUS-.O1I) GO TO 110 SU17 38
GO TO 2 SU17T 39

9 CONTINUE SU17 40
GO TO 50 SU17 41

10 JJJ-NT-i SU17 42
IF (ITS3.EQ.1) GO TO 26 SU17T 43
00 24 M=I,JJJ SU17 44
IF (RP.GT.TA8(N+1,22).OR.RP.LT.TAB(M2t2) GO TO 24 SU17 45
GO TO 25 SUIT 46

24 CONTINUE SUIT 47
25 CONTINUE SU17 48

FF=ZP-TAB(M+Itl,2-(TAB(NIM 2)-TAB(M+1,1,2)1*(RP-TAB(M+1,2,2)/(TASU17 49
1B(N,2Z2)-TAB(M+I,2,2)) SU17 50
IF (FF.GT.O.l GO TO 20 SU1T 51

26 CONTINUE SU17 52
ZG=ZP SU17 53
RGsRP SUIT 54
GO TO 50 SU17 55

20 IK=M SU17T 56



N=CROSS(TAB(IKl,2),TAB(IK922),TAB(IK+19192)tTABIIK+1,2,2),O.0t.,SU17 57
lZPRPZGRG) SU17 58
GO TO (50*920,930)tM SU17 59

C SU17 60
C COMPUTE DELTAS SU17T 61
C SUIT 62
50 DEL=DELTA SUIT 63
C SU17 64
C Z OELTA SU17 65
C SUIT 66

LL=0 SU17 67
52 00 70 N=1,NOEL SU17 68

ZZ=ZG+DEL SU17 69
M=COMP(ZGtRGZZRG) SU17 70
IF (NMNE.I) GO TO 55 SUIT 71
DZ-DEL SU17 72
GO TO 80 SUIT7 73

55 ZZ=ZG-DEL SU17 74
M-COMP(ZGtRGZZRG) SU17 75
IF (M.NE.1) GOO 60 SU17 76
0Z=-DEL SU17 77
GO TO 80 SU17 78

60 DEL=.5*DEL SUIT 79
70 CONTINUE SUIT7 80

LL=LL+1 SUIT 81
IF (LL.EQ.3) GO TO 75 SU17 82
RG-RG-DELTA/5. SUIT 83
DEL=DELTA SU17 84
GO TO 52 SUIT7 85

75 KOD2=2 SU17 86
RETURN SUIT7 87

80 DEL-DELTA SU17 88
IF (KS.EQ.I) GO TO 120 SUIT 89

C SU17 90
C R OELTA SU17 91
C SUIT 92



LL=0O SU17 93
82 00 100 N=I,NOEL SU17 94

RR=RG+DEL SUIT 95
M=COMP(ZGtRGZGRR) SU17 96
IF (M.NE.1) GO TO 85 SU17 97
DR=OEL SU17 98
IF (KS.EQ.I1) GO TO 50 SU17 99
GO TO 120 SU17 100

85 RR=RG-OEL SUIT 101
M=COMP(ZGRGZG,RR) SUIT 102
IF (M.NE.1) GO TO 90 SU17 103
OR=-DEL SU17T 104
IF (KS.EQ.1) GO TO 50 SUIT 105
GO TO 120 SUIT 106

90 DEL=.S*DEL SU17 107
100 CONTINUE SU17 108
108 CONTINUE SUIT 109

LL-LL+1 SU1T 110
FLL=LL SUIT 111
IF (LL.EQ.5) GO TO 110 SUIT 112

C SUIT 113
104 ZGI=ZG+DELTA/5.*FLL*(-.I)**LL SUIT 114

M=COMP(ZGRG,ZG1,RG) SUIT 115
ZG=ZGI SUIT 116
IF (M.NE.1) GO TO 108 SUIT 117
KS=1 SUIT 118
GO TO 82 SUIT7 119

110 KOD2=2 SU17 120
RETURN SUIT 121

120 K002=1 SUT17 122
RETURN SU17 123

920 WRITE (3,922) SUT7 124
922 FORMAT (42HOERROR FOR COINCIDENT LINES IN SUBR. GUESS) SUIT7 125

GO TO 950 SU17 126
C SUIT 127
930 WRITE (3,932) SUIT 128



932 FORMAT (40HOERROR FOR PARALLEL LINES IN SUBR. GUESS) SU17 129
C SU17 130
950 WRITE (3,952) KOD1,I2,K2,ZPRP SU17 131
952 FORMAT (1X5HKOO1=,t44X3HI2=lt4X3HK 1/lXK2 4/3HZP=E5.84X3HRP=,ESUI 132

115.8/1H1) SU17 133
XYZ=-2o SUIT 134
ZYX-SQRT(XYZ) SU17 135
CALL EXIT SUIT 136
RETURN SU17 137
END SU17 138
FUNCTION CROSS(XlYlX2Y2,X3tY3tX4Y4tXY SU18 1

C SU18 2
C FINDS INTERSECTION OF TWO STRAIGHT LINES SU18 3
C SU18 4

EPS=.000001 SU18 5
A1=Y2-Y1 SU18 6
Bl=XI-X2 SUI8 7
CI=XI*AI+YI*Bl SUl8 8
AZ=Y4-Y3 SU18 9
B2=X3-X4 SU18 10
C2=X3*A2+Y3*B2 SU18 11
DET=AI*82-A2*BI SU18 12
01-=C8*2-C2*81 SU18 13
02=Al*C2-A2*C1 SU18 14
IF (ABS(ODET).LE.EPS) GO TO 10 SU18 15
X=OD/DET SUI8 16
VY=02/DET SU18 17
CROSS-1 SU18 18
CROSS=CROSS+.2 SU18 19
RETURN SU18 20

10 IF (ABS(D1).GT.EPS) GO TO 20 SU18 21
IF (ABS(D21.LE.EPS) GO TO 30 SUI8 22

20 CROSS=3 SU18 23
CROSS-CROSS+.2 SU18 24
RETURN SU18 25

30 X-X SU18 26



YViY SU18 27
CROSS-2 SU18 28
CROSS=CROSS+.2 SU18 29

316 CONTINUE SU18 30
RETURN SU18B 31
END SU18 32
FUNCTION PARTIMODEtZPtRPZXtRXDELTA.NDELb SU19 1

C SU19 2
C LOCATES A POINT IN THE SAME REGION AS A GIVEN POINT SU19 3
C TO BE USED IN COMPUTING A PARTIAL SU19 4
C NOOE-1,WITH RESPECT TO R SU19 5
C MOOE=2,WITH RESPECT TO Z SU19 6
C SU19 7

GO TO (2,4,NMODE SU19 8
2 DR-DELTA SU19 9

OZ-O. SU19 10
GO TO 8 SU19 11

4 DR=O. SU19 12
DZ=DELTA SU19 13

8 00 50 NN-1,NDEL SU19 14
RR=RP+OR SU19 15
ZZ=ZP+0Z SU19 16
M-COMP(tZPRP,RPZZRR) SU19 17
IF (M.EQ.1) GO TO 60 SU19 18
RR-RP-DR SU19 19
ZZ=ZP-DZ SU19 20
NMCOMP(ZPORPZZRRI SU19 21
IF (M.EQ.1) GO TO 60 SU19 22
DZ-DZ*.5 SU19 23
DR=DR*.5 SU19 24

50 CONTINUE SU19 25
PART-2 SU19 26
PARRTPART2 SU19 27
RETURN SU19 28

60 ZX=ZZ SU19 29
RX-RR SU19 30



PART-1 SU19 31
PART=PART+.2 SU19 32
RETURN SU19 33
END SU19 34
FUNCTION PICK24ZPRP#KODEI SU20 1

C SU20 2
C DETERMINES 2 CLOSEST CONSECUTIVE POINTS ON SPECIFIED SU20 3
C LINE OF DISCONTINUITY TO A GIVEN POINT SU20 4

COMMON CASEID(141,ITS1IlTS2,ITS3,lTS4ITII.ITI2l1TI3,1TI4,EPSIEPSSU20 5
12,EPS3,EPS4,EPS5EPS6,EPIItEPI2,EPI3,EPI4,EPIS.EPI6,EPITVPtARtLENSU20 6
1GTHAPRBPRBIGAPRBIGBPRESTARtALPHABETARHOSTREPRSRHOS SU20 7
COMMON XMESH(20,20,6).XMESH2(20,2061*,Z20)tR20)SURF(15,81tSURF2SU20 8
1(15,8),TAB(15,14.2)tTAB2115,14,21,SPART(15,2,21,RARF(15,11),RARF2(SU20 9
115,4),RPART(415,2 SU20 10

C SU20 11
COMMON ZOROPOUOVOLO.MO,RHOOEOtAOUBAROVBARO SU20 12
COMMON NP,NTNR,NINDEL,ISUB SU20 13

C SU20 14
COMMON ZMIN,ZMAXRMIN,RMAXtRADIUSGZGRtOELTAtH SU20 15
COMMON DIRCOS SU20 16
COMMON TIME SU20 17
COMMON IRARF SU20 18
COMMON KSTOP SU20 19
COMMON TPSI SU20 20
COMMON KKK SU20 21
REAL LOMOLENGTHtMUKO SU20 22

C SU20 23
GO TO (5,1t100.205,210,300,500),KODE SU20 24

5 NN=NP SU20 25
KuI SU20 26
GO TO 15 SU20 27

10 NN=NT SU20 28
K-2 SU20 29

15 AA=(TAB2(1tlK-ZP**2+(TA82(1t2,Kg-RP)**2 SU20 30
C SU20 31
C SEARCH SHOCK TABLES SU20 32



C SU20 33
00 60 N=-2NN SU20 34
A-(TAB2(N, lKI-ZP)**2+(TAB2(N,2,KI-RPI**2 SU20 35
IF (A.GE.AA) GO TO 23 SU20 36
AA-A SU20 37

60 CONTINUE SU20 38
PICK2-NN-1 SU20 39
PICK2*PICK2+.2 SU20 40
RETURN SU20 41

23 PICK2-N-1 SU20 42
PICK2-PICK2+.2 SU20 43
RETURN SU20 44

100 AA-(RARF2(ll)-ZPI**2+(RARF2(1,21-RPI**2 SU20 45
C SU20 46
C SEARCH RAREFACTION TABLE SU20 47
C SU20 48

DO 200 N-2,NR SU20 49
A-(RARF2(Nl)-ZPI**2+(RARF2(N, 2)-RP)**2 SU20 50
IF (A.GE.AA) GO TO 203 SU20 51
AAA -SU20 52

200 CONTINUE SU20 53
PICK2-NR-1 SU20 54
PICK2wPICK2+.2 SU20 55
RETURN SU20 56

203 PICK2-N-1 SU20 57
PICK2-PICK2+.2 SU20 58
RETURN SU20 59

205 NN-NP SU20 60
K-i SU20 61
GO TO 215 SU20 62

210 NN-NT SU20 63
K=2 SU20 64

215 AA=(SPARTIIllK)-ZP)**2+(SPART(12,K)-RPI**2 SU20 65
C SU20 66
C SEARCH SHOCK PARTICLE TABLES SU20 67
C SU20 68



00 260 N=2,NN SU2O 69
A=(SPART(N,1,K)-ZP)**2+(SPART(N,2,K)-RP)**2 SU20 70
IF (A.GE.Aa) GO TO 223 SU20 71
AA=A SU20 72

2o0 CONTINUE SU20 73
PICK2=NN-1 SU20 74
PICK2=PICK2+.2 SU20 75
RETUPN SU20 76

223 PICK2=N-1 SU20 77
PICK2=PICK2+.2 SU20 78
RETURN SU20 79

300 AA=(RPART(I111-ZP)**2+(RPART(1,2)-RP)**2 SU20 80
C SU20 81
C SFARCH RAREFACTION PARTICLE TABLE SU20 82
C SU20 83

00 400 N=2,NR SU20 84
A=(RPART(N,I)-ZP)**2+(RPART(N,2)-RP)**2 SU20 85
IF (A.GE.AA) GO TO 403 SU20 86
AA=A SU20 87

400 CONTINUE. SU20 88
PICK2=NR-1 SU20 89
PICK2=PICK2+.2 SU20 90
RETURN SU20 91

403 PICK2=N-1 SU20 92
PICK2=PICK2+.2 SU20 93
RETURN SU20 94

500 AA=(SURF2i1,1)-ZP)**2+(SURF2(1,2)-RP)**2 SU20 95
C SU20 96
C SEARCH FREE SURFACE TABLE SU20 97
C SU20 98

00 520 N=2tNP SU20 99
A=(SURF2(N,1)-ZP)**2+(SURF2(N,2)-RP)**2 SU20 100
IF (A.GE.AA) GO TO 523 SU20 101
AA=A SU20 102

520 CONTINUE SU20 103
PICK2=NP-1 SU20 104



PICK2=PICK2+.2 SU20 105
RETURN SU20 106

523 PICK2=N-1 SU20 107
PICK2=PICK2+.2 SU20 108
RETURN SU20 109
END SU20 110
FUNCTION TEST(ZP,RP) SU21 1

C SU21 2
C SU21 3
C DETERMINES IF A GIVEN INTERIOR POINT IS IN SU21 4
C THE REGION TO BE CONSIDERED SU21 5
C SU21 6

COMMON CASEID(14)ITSTSITS2,ITS3,ITS4,ITIItIT12.ITI3,TI4, EPS1EPSSU21 7
12,EPS3,EPS4,EPS5,EPS6,EPIIEP12,E2EPI3EPI4,EPI5,EPI6,EPI7VPARLENSU21 8
IGTHAPRBPRBIGAPRBIGBPRESTARALPHABETARHOSTREPRSRHOS SU21 9
COMMON XMESH(20,20,6),XMESH2(20,206$tZ(201,R(20),SURF(15,81,SURF2SU21 10
1(15,8) TAB(15,1421),TAB2(15,14,2),SPART(415,22)tRARF(15t 11)RARF2(SU21 11
115,4),RPART(15,2) SU21 12

C SU21 13
C SU21 14

COMMON ZOtROPOUOtVOLOMORHOOEOtAOUBAROVBARO SU21 15
C SU21 16

COMMON NPvNTNRNINDELISUB SU21 17
C SU21 18

COMMON ZMINZMAXRMINRMAXRADIUSGZGRD0ELTAH SU21 19
COMMON DIRCOS SU21 20
COMMON TIME SU21 21
COMMON IRARF SU21 22
COMMON KSTOP SU21 23
COMMON TPSI SU21 24
COMMON KKK SU21 25
REAL LOMOLENGTHMUKO SU21 26

C SU21 27
EPS=.0001 SU21 28
IF (ITS3.EQ.1 GO TO 5 SU21I 29
IF (RP.GT.(RADIUS+EPSI) GO TO 5 SU21 30



M=PICK2(ZPRP,7) SU21 31
FF=ZP-SURF2(M+1,11-SURF2(M,1I-SURF2(M+1,1))*(RP-SURF24M,2))/ISURFSU21 32

12(M,2l-SURF2(M+1,2)) SU21 33
KICK=5 SU21 34
CALL DVCHK(KQf SU21 35
IF (KQ.EQ.1I GO TO 9980 SU21 36
IF (FF) 200,5,5 SU21 37

5 CONTINUE SU21 38
IF (ZP.GT.-EPS) GO TO I SU21 39
IF (RP.GT.(RADIUS+EPS)) GO TO 200 SU21 40

1 00 10 K=1,2 SU21 41
IF (ITS3.EQ.1) GO TO 100 SU21 42
M=PICK2(ZP,RP,K) SU21 43
IF (TAB2(M,2,K).GT.RP.AND.M.NE.I)M=M-1 SU21 44

FF=ZP-TAB2(M+191,K)-(TAB2(M,1,tKi-TAB2(M+,1i,KIl*(RP-TAB2tM+12tK )SU21 45
1/(TAB2(M,2,K)-TAB2(M+1,2,K)) SU21 46
KICK=50 SU21 47

CALL DVCHK(KQ) SU21 48
IF (KQ.EO.1) GO TO 9980 SU21 49
IF (K.EQ.21 GO TO 50 SU21 50
IF (RP.GT.RADIUS) GO TO 10 SU21 51
IF (FF) 200,10,10 SU21 52

50 IF (FF1 10,10,200 SU21 53
10 CONTINUE SU21 54

00 20 K=1,2 SU21 55
J=K+3 SU21 56
M=PICK2(ZPvRP#JI SU21 57

IF (SPARTIM,2,K).GT.RP.AND.M.NE.1)M=M-1 SU21 58
FF=ZP-SPART(NM+I,1,KI-SPART(M,1,K)-SPART(M+1,1,K))*(RP-SPART(M+1,2SU21 59

1,K))/(SPART(M,2,K)-SPART(M+1,2,KII SU21 60
KICK=15 SU21 61
CALL OVCHK(KQ) SU21 62
IF (KQ.EQ.1) GO TO 9980 SU21 63
IF (K.EQ.2) GO TO 15 SU21 64
IF (RP.GT.RAOIUS) GO TO 20 SU21 65

IF (FF.LT..O011 GO TO 300 SU21 66



GO TO 20 SU21 67
15 IF (FF.GT.-.0011 GO TO 400 SU21 68
20 CONTINUE SU21 69

IF (IRARF.EQ.1) GO TO 100 SU21 70
M=PICK2(ZP,RP,3) SU21 71
FF=RP-RARF2(M+1,2)-(RARF2(M,2)-RARF24M+1,2))*(ZP-RARF2(M+1,11)/(RASU21 72
1RF2(M,1)-RARF2(M+1,1)) SU21 73
KICK=20 SU21 74
CALL DVCHK(KQ) SU21 75
IF (KQ.EQ.1) GO TO 9980 SU21 76
IF (FF.LT.0.) GO TO 100 SU21 77
M=PICK2(ZP,RP,6) SU21 78
FF=RP-RPART(M+1,2)-(RPART(M,21-RPART(M+1,2f1*(ZP-RPART(M+1,111/IRPSU2l 79
IART(MNl)-RPART(M+l,1)) SU21 80
KICK=100 SU21 81
CALL OVCHK(KQ) SU21 82
IF (KQ.EQ.1) GO TO 9980 SU21 83
IF (FF.LT.O.) GO TO 500 SU21 84

100 TEST=1 SU21 85
TEST=TEST+.2 SU21 86
RETURN SU21 87

200 TEST=2 SU21 88
TEST=TEST+.2 SU21 89
RETURN SU21 90

300 TEST=3 SU21 91
TEST=TEST+.2 SU21 92
RETURN SU21 93

400 TEST=4 SU21 94
TEST=TEST+.2 SU21 95
RETURN SU21 96

500 TEST=5 SU21 97
TEST=TEST+.2 SU21 98
RETURN SU21 99

9980 WRITE (3,9985) KICK SU21 100
9985 FORMAT (32HOOIVIDE CHECK NEAR STATEMENT NO.,15,14H IN SUBR. TEST/lSU21 101

iHI) SU21 102



RETURN SU21 103
END SU21 104
SUBROUTINE FGOF5(Z5,RS,SSQQ) SU22 I

C SU22 2
C COMPUTES SS,S5 FOR INTERIOR REGION SU22 3
C ITERATION FOR Z5tR5 SU22 4
C SU22 5

COMMON CASEID4141,ITSItITS2,ITS3,ITS4,TItIITI21,TI3, TI4,EPS1,EPSSU22 6
12,EPS3,EPS4,EP E,EPS6,EPIltEPI2,EPI3,EPI4,EPIS,EPI6,EPIVPtARLENSU22 7
IGTHAPRBPRBIGAPR,BIGBPRESTARALPHAtBETA,RHOSTR,EPRSRHOS SU22 8
COMMON XMESH(20,20,6)tXMESH2(20,20,6),Z(20),RI20)tSURF(15,8),SURF2SU22 9

1(15,8,TAB(15,14S2),TAB2(15,9149,2SPART(15,2,2),RARF(15,11),RARF2(SU22 10
115t4),RPART( 15,2 SU22 11

C SU22 12
C SU22 13

COMMON ZO,ROtPOUOVOLOMORHOOEOtAOtUBAROVBARO SU22 14
C SU22 15

COMMON NPNTNRtNINDELISUB SU22 16
C SU22 17

COMMON ZMINZMAX,RMINtRMAXtRAOIUStGZGRDELTAH SU22 18
COMMON DIRCOS SU22 19
COMMON TIME SU22 20
COMMON IRARF SU22 21
COMMON KSTOP SU22 22
COMMON TPSI SU22 23
COMMON KKK SU22 24
REAL L0MO,OLENGTHMUIKO SU22 25

C SU22 26
DIMENSION ANS(6) SU22 27

C SU22 28
CALL OBLTRP(Z5,R5,ANS SU22 29
U5=ANS(2) SU22 30
V5=ANS(3) SU22 31
SS=Z5-ZO+H*V5 SU22 32
QQ=R5-RO+H*U5 SU22 33
RETURN SU22 34



END SU22 35
SUBROUTINE ITRP SU23 1
COMMON CASEID(14),ITS,1TS2,ITS3,ITS4,IT11,ITI2ITI3,1TI4,EPSI,EPSSU23 2
12,EPS3,EPS4,EPS5,EPS6,EPIl,FPI2,EPI3,EPI4,EPI5,EPI6,EP17,VPtARLENSU23 3
IGTH,IGAP8PR I GBPPR,ESTARALPHABETARHOSTREPRSRHOS SU23 4

COMMON XMESH(20,20,6)tXMESH2(20,20,6),Z(20,R(20,SURF(15,8),SURF2SU23 5
1(15,8),TAB(15,14,2),TA62(15,14,2hSPART(15,2,2),RARF(15,11),RARF21SU23 6
115,4),RPART(15,2) SU23 7

C SU23 8
C SU23 9

COMMON ZO,RO,POUO,VOLOMOtRHOOEOAO,UBAROVBARO SU23 10

C SU23 11

COMMON NP,NT,NR,NI,NDEL,ISUB SU23 12

C SU23 13

COMMON ZMINZMAX,RMINtRMAXtRADIUSGZ,GGRDELTAH SU23 14
COMMON DIRCOS SU23 15
COMMON TIME SU23 16

COMMON IRARF SU23 17

COMMON KSTOP SU23 18
COMMON TPSI SU23 19
COMMON KKK SU23 20

C SU23 21

C SU23 22
REAL LOMOLENGTH,MUKO SU23 23

C SU23 24
C INTERPOLATION SCHEME FOR POINTS BETWEEN PARTICLE CURVES SU23 25

C AND DISCONTINUITIES SU23 26

C SU23 27
EPS=.0000001 SU23 28
KODI=0 SU23 29

KOD2=0 SU23 30

00 1000 J=1,20 SU23 31

00 1000 I=1,20 SU23 32

M=TEST(Z(I),R(JI) SU23 33
IF (M.NE.5) GO TO 906 SU23 34

IF (IRARF.EQ.1) GO TO 906 SU23 35



NRI=NR-1 SU23 36
00 907 JJ=1,NRL SU?3 37
IF (RARF2(JJ,1).LT.Z(I).AND.RARF2(JJ+1,1).GT.Z(I)) Gn TO 908 SU23 38

907 CONTINUE SU23 39
908 CONTINUE SU23 40

FF=R(J)-RARF2(JJ+1,2)+(RARF2(JJ,2)-RARF2(JJ+1,2))*(Z(I)-RARF2(JJ+ISU23 41
1,1 ) /(RARF2(JJ,I )-RARF2( JJ+1,1)) SU23 42
IF (FF.LT.0.) GO TO 1000 SU23 43

906 CONTINUE SU23 44
IF (M.EQ.3.AND.Z(I).LT.EPS.AND.ABS(R(J)-RADIUS).LT.EPS) GO TO 1000SU23 45
IF (M.LT.31 GO TO 8051 SU23 46
WRITE (3,8050) SU23 47

8050 FORMAT (30HOINTERPOLATION SCHEME EMPLOYED) SU23 48
614 FORMAT (lX5HZO =,E15.8,4X5HRO =,E15.8) SU23 49

ZO=Z(I) SU23 50
RO=R(J) SU23 51
WRITE (3,614) ZO,RO SU23 52
WRITE (3,8888) M SU23 53

8888 FORMAT (1X4HM =,14) SU23 54

8051 CONTINUE SU23 55
GO TO (1000,1000,1001,1010,1100),M SU23 56

1001 IF (IRARF.EQ.1) GO TO 1003 SU23 57
M=PICK2(Z(I),R(J),3) SU23 58
FF=R(JI-RARF2(M+1,2)+(RARF2(M,2)-RARF2+2) II-RARF2(M+1,))SU23 59
1/(RARF2(Ml)-RARF2(M+1,1)) SU23 60
IF (FF.GT.O.) GO TO 1003 SU23 61
00 8002 K=16 SU23 62
L=K+2 SU23 63

8002 XMESH2(I,J,K)=RARF(L,L) SU23 64
GO TO 1000 SU23 65

1003 L=I+1 SU23 66
N=TEST(Z(L),R(J)) SU23 67
GO TO (1004,1007,1030,1030,1050),N SU23 68

1004 M=PICK2(Z(I),R(Ji,1) SU23 69
00 1006 K=1,8 SU23 70
ANS=TAB2(MK,11+(TAB2(M+1IK,1-TAB2(M,K,1ll*R(J)-TAB2(M,2,1))/(TASU23 71



1F2(M+12,11-TAB2(M,2,1)) SU23 72
IF (K.NE.1) GO TO 8005 SU23 73
ANS1=ANS SU23 74
GO TO 1006 SU23 75

8005 CONTINUF SU23 76
IF (K.FQ.2) GO TO 1006 SU23 77
KX=K-2 SU23 78
IF (ABS(R(J)-RADIUS.GT.EPS) GO TO 9024 SU23 79
IF (K.GT.5.OR.K.LT.4) GO TO 9024 SU23 80
ANS=TAB2(M+I,K,I| SU23 81

9024 CONTINUE SU23 82
XMEXMESIJKX)=ANS+(XMESH2(LJ,K)-ANS)*(Z(I)-ANSI)/(Z(LI-ANS1) SU23 83
IF (ABS(R(J)-RADIUS).GT.EPS) GO TO 1006 SU23 84
XMESH2(I,J,1)=0. SU23 85
XMESH2(I,J,4)=RHOSTR SU23 86
XMESH2(II,J5)=0. SU23 87
XMESH2(IJ,6)=SQRT(BIGAPR/RHOSTR) SU23 88

1006 CONTINUE SU23 89
GO TO 1000 SU23 90

1007 MM=PICK2(Z(I),R(J),2) SU23 91
M=PICK2(Z(I),R(J),1) SU23 92
00 1009 K=1,8 SU23 93
ANS=TA 2(M,Kl,)+(TAB2(M+1,K,1 -TAP2tM,Kt1)*(R(JI-TAB2(M,2,1))/(TASU23 94
1B2(M+1,2,1)-TAB2(M,2,11) SU23 95
ANSW=TAB2(MM,K,2)+(TAB2(MM+1,K,2)-TA82(MM,Kt2))*(R(JI-TAB2(MM,2,21SU23 96
1)/(TAB2(MM+1,2,2)-TAB2(MM,2,1)) SU23 97
IF (K.NE.1 GO TO 1008 SU23 98
ANSI=ANS SU23 99
ANS2=ANSW SU23 100
GO TO 1009 SU23 101

1008 CONTINUE SU23 102
IF (K.EQ.2) GO TO 1009 SU23 103
KX=K-2 SU23 104
XMESH2(I,JKX)=ANS+(ANSW-ANS)*(Z(I)-ANS1)/(ANS2-ANS1) SU23 105

1009 CONTINUE SU23 106
GO TO 1000 SU23 107

o2/g



1010 IF (IRARF.EQ.1) GO TO 1013 SU23 108
M=PICK2(Z(1I,R(J),3) SU23 109
FF=R(J)-RARF2(M+1,2)+iRARF2(M,2)-RARF2(M+1,2))*(Z(I)-RARF2(M+1,1))SU23 l10
1/IRARF2(M,1)-RARF2(M+1,1)) SU23 111
IF (FF.GT.0.) GO TO 1013 SU23 112
DO 1012 K=1,6 SU23 113
L=K+2 SU23 114

1012 XMESH2( IJ,K)=RARF(I,L) SU23 115
GO TO 1000 SU23 116

1013 L=I-1 SU23 117
IF (ABS(Z(I)I.LT.EPS) GO TO 1017 SU23 118
N=TEST(Z(L),R(J)) SU23 119
GO TO (1014*101791030 19300171051)N SU23 120

1014 M=PICK2(Z(IIR(J),2) SU23 121
00 1016 K=1,8 SU23 122
ANS=TAB2(M,K,2)+(TAB2(M+1,K2)-TAB2(MK,21)*(RIJi-TAB2(M,2,K2)/(TASU23 123
18B2(M+1,2,2)-TA82(M,2,2)) SU23 124
IF (K.NE.1) GO TO 1015 SU23 125
ANSI=ANS SU23 126
GO TO 1016 SU23 127

1015 CONTINUE SU23 128
IF (K.EQ.2) GO TO 1016 SU23 129
KX=K-2 SU23 130
XMESH2(IJtKX)=ANS+(XMESH2(L,J,KX)-ANS)*(Z(II-ANS1)/(Z(L)-ANS1) SU23 131

1016 CONTINUE SU23 132
GO TO 1000 SU23 133

1017 L=J-I SU23 134
N=TEST(Z(I)tR(L)) SU23 135
GO TO (1024,1030,1030,1030,1051)N SU23 136

1024 M=PICK2(Z(I),R(J),2) SU23 137
00DO 1026 K=2,8 SU23 138
ANS=TAB2(M,K,2)+(TAB2(M+1,K,21-TAB2(MK,2))*(Z(I)-TAB2(Mtl21|/(TASU23 139
1BZM+11l,2)-TAB2fMI1,2)) SU23 140
IF (K.NE.2 GO TO 1025 SU23 141
ANS1=ANS SU23 142
GO TO 1026 SU23 143



1025 CONTINUE SU23 144

KX=K-2 SU23 145

IF (ABSZ(Ifl).GT.EPS) GO TO 9125 SU23 146

IF (K.GT.5.OR.K.LT.4) GO TO 9125 SU23 147

ANS=TAB2(M+l,K,2) SU23 148

9125 CONTINUE SU23 149

XMESH2(I,J,KX)=ANS+(XMESH2(IvLKX)-ANS)*(R(J)-ANSII/(R(L)-ANS1) SU23 150

IF (ABS(Z(I)).GT.EPS) GO TO 1026 SU23 151

XMESH2(I,JI)=0. SU23 152

XMESH2(II,J,4)=RHOSTR SU23 153

XMESH2(I,J,5)=O. SU23 154

XMESH2(I,J,6)=SQRT(BIGAPR/RHOSTRI SU23 155

1026 CONTINUE SU23 156

GO TO 1000 SU23 157

1100 M=PICK2(Z(I),R(J),3) SU23 158

ANS1=RARF2(M+1,2)+(RARF2(M,2)-RARF2(M+1,2l)*(Z(II-RARF2(M+Il1)/(RSU23 159

IARF2(M,1I-RARF2(M+1,1) SU23 160

L=J+1 SU23 161

M=TEST(ZiI),R(L)) SU23 162

GO TO (1101,1030,1051,1030),M SU23 163

1101 CONTINUE SU23 164

00 1106 K=1,6 SU23 165

LL=K+2 SU23 166

XMESH2(I,J,K)=RARF(1,LL)+(XMESH2(IL,K)-RARF(1,LL))*(R(JI-ANS1)/(RSU23 167

1(L)-ANS1) SU23 168

1106 CONTINUE SU23 169

GO TO 1000 SU23 170

1050 JJI=J SU23 171

Ill=1 SU23 172

K001=1 SU23 173

GO TO 1000 SU23 174

1051 JJ2=J SU23 175

112=1 SU23 176

KOD2=1 SU23 177

1000 CONTINUE SU23 178

IF (KODI.EQ.01 GO TO 2000 SU23 179



M=PICK2(ZIIIi)tRJJI)ll) SU23 180

00 2016 K=1,8 SU23 181
ANS=TAB2(M,K,)I+(TAB2(M+1,K,1t-TAB2(M,Krl)*(R(JJ11-TAB2(M,2,1l)/(SU23 182
1TAR2(M+1,2,1)-TAB2(M,2,1)) SU23 183
IF (K.NE.1) GO TO 2005 SU23 184
ANS1=ANS SU23 185
GO TO 2016 SU23 186

2005 CONTINUE SU23 187
1=111 SU23 188
J=JJl SU23 189

L=II+l+ SU23 190
IF (K.EQ.2) GO TO 2016 SU23 191
KX=K-2 SU23 192
XMESH2(I,JKXI=ANS+(XMESH2(L,J,KX-ANS)*(Z(I)-ANS11/(Z(LI-ANS1) SU23 193

2016 CONTINUE SU23 194
2000 IF (KO02.FQ.0) GO TO 3000 SU23 195

M=PICK2(Z(II2),R(JJ2),2) SU23 196
00 3016 K=1,8 SU23 197

ANS=TAB2(MK,2)+(TAB2(M+lK,21-TAB2(MtK,2)*(R(JJ2)-TAB2(M,2,2)1/(SU23 198

LTAB2(M+1,2t2)-TA2(M,2,2)) SU23 199
IF (K.NE.1) GO TO 3015 SU23 200
ANSI=ANS SU23 201

GO TO 3016 SU23 202

3015 CONTINUE SU23 203

1=112 SU23 204

J=JJ2 SU23 205

L=II2-1 SU23 206
IF (K.FQ.2) GO TO 3016 SU23 207

KX=K-2 SU23 208

XMESH2( I,J,KX)=ANS+(XMESH2(LJ,KX)-ANS*(Z( I )-ANSI/(l(L)-ANS) SU23 209

3016 CONTINUE SU23 210

3000 CONTINUE SU23 211

GO TO 3017 SU23 212

1030 WRITE (3,1040) I,J SU23 213
1040 FORMAT (27HO TIME STEP TOO LARGE AT I=,I4,2HJ=,I4,///) SU23 214

CALL EXIT SU23 215



3017 CONTINUE SU23 216

C SU23 217

C SU23 218

RETURN SU23 219

END SU23 220

SUBROUTINE EXIT SU24 1
C SU24 2

COMMON CASEIO(14),ITS1,ITS2,I3,3,1TS4,ITII,IT12,TI3,ITI4,EPS,EPSSU24 3

12,FPS3EPS 4,EPS5,EPS6tEPIIEPI2,EPI3,EPI4,EP15,EPI6,EPIT,VPvARtLENSU24 4

IGTH-,APRPB PR,IGBPRESTAR,ALPHA,BETA,RHOSTR,EPRS,RHOS SU24 5

COMMON XMESH(20,20,6),XMESH2(20,20,6),Z20),R(20),SURF(15,819SURF2SU24 6

1(15,8),TAB(15,14,2),TA82(15,14,21,SPART415,2,2),RARF(15,11,RARF2(SU24 7

115,4),RPART(15,2) SU24 8

C SU24 9

C SU24 10

COMMON ZO,ROPOUO,VO,LOMORHOO,EO,AOUBAROtVBARO SU24 11

C SU24 12

COMMON NPqNTNRNINDELISUB SU24 13

C SU24 14

COMMON ZMIN,ZMAXtRMIN,RMAXRADIUSGZGR, ELTA,H SU24 15

COMMON DIRCOS SU24 16

COMMON TIME SU24 17

COMMON IRARF SU24 18

COMMON KSTOP SU24 19

COMMON TPSI SU24 20

COMMON KKK SU24 21

REAL LO,MO,LENGTH,MU,KO SU24 22

KSTOP=1 SU24 23

STOP SU24 24

END SU24 25

SUBROUTINE FGOFI(ZXRX,SS,QQ) SU25 1

C SU25 2

C COMPUTES SI,QI FOR INTERIOR REGION SU25 3

C ITERATION FOR ZIRI SU25 4

C SU25 5

COMMON CASEI(14,IrTS1,ITS2,ITS3,IT54,ITI1IT12,ITI3,1TI4,EPS1,EPSSU25 6



12,UPS3,EPS4,EPSLvEPS6EPI1,EPI2,EPI3,EPI4,EPI5dEPI6,EPI7,VPAR,LENSU25 7
1GTH,APR,BPRBIGAPR,RIGtPRESTAR,ALPHA,BETA,RHOSTREPRSRHOS SU25 8
COPMON XMESH(20,20,6),XMESH2(20,20,6),Z(20),R(20),SURF(15,P),SURF2SU25 9

If15,R),TAB(I5,14,2),TAB2(t5,14,2),SPART(15,2,2),RARF(15,11),RARF21SU25 10

115,4),RPART(LS52) SU25 11
C SU25 12
C SU25 13

COMMON ZO,RCPOUOVOLOPMORHOOEOAO,UBARO,V8ARO SU25 14
C SU25 15

COMMON NPNT,NRNI,NDELlISUR SU25 16
C SU25 17

COMMCN ZMINZMAXRMINRMAXRADIUS,GZ,GRDELTAH SU25 18
COMMON OIRCOS SU25 19
COMMON TIME SU25 20
COMMON IRARF SU25 21
COMMON KSTOP SU25 22
COMMON TPSI SU25 23
COMMON KKK SU25 24
REAL LOMOLENGTHvMUKO SU25 25

C SU25 26
DIMENSION ANS(6),PSI(4),SPSI(11),CPSI(11) SU25 27

C SU25 28
C SU25 29
C SU25 30
C SU25 31
C SU25 32

CALL DBLTRP(ZXRXANS) SU25 33
UI=ANS(2) SU25 34
VI=ANS(3) SU25 35
AI=ANS(6) SU25 36
SS=ZX-ZO+H*(VI+AI*SIN(TPSI)) SU25 37
QQ=RX-RO+H*IUI+AI*COSITPSI)) SU25 38
RETURN SU25 39
END SU25 40
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